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PROCESSES FOR THE PREPARATI ON THERECF AND PHARMACEUTI CAL COVPCSI TI ONS
*CONTAI'NENG THE SAVE This invention relates to novel :

t et rahydropyrrol o- [1,2-a]pyrazine-4-spiro-3 -pyrrolidine derivatives
having an .al dose reductase inhibitory activity, .processes for the
‘preparation thereof, a nethod of using the sane, and pharna- ceuti cal
conpositions containing said compound-as -an active ingredient.

Prior Art Eur opean Patent 365324- A di scl oses spiro-isoquinoline-
pyrrolidine tetrones of the fao
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al kyl ) oxy wherein aryl contains 6 _
This invention relates to novel tetrahydropyrrolo-

. [1,2-a]pyrazine-4-spiro-3'-pyrrolidine derivatives having an
aldose reduqtaSe.inhibitory activity,:processes‘forsthé
preparation.thereof, a method of uéing the same, and pharma-
ceutical compositions containing‘said cémpound as an active
ingredient. |

Prior Art . .
European_?atént 365324—A-discloses spirofisdquinoline—

pyrrolidine tetrones of the formula:

ané analogues thereof wherein Ehe fused benzene fing is
replaced by a fused thiophen, p%ridine or furan ring,

wherein R! and R? a:e.;ndepeﬁdently hydrogén, alkyl

containing 1 to 6 carbon atoms, -halogen; lower alkoxy
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nitro, aryl, or aryl(lower alkyl)oxy'wherein aryl ¢pntains'6



R = to 10 carbon atons and | ower al kyl contains 1 to 6 carbon atons;
Rietr] is hydrogen, |ower alkyl containing 1 to 6 carbon atons, aryl,

-aryl (tower al kyl)
contains 6 to 10

or hal ogen substituted aryl- (lower alkyl) wherein aryl
carbon atonms and |owet alkyl contains 1 to 6 carbon

atons, acyl or hetero- cyclic(lower-apkyl) of structural fornula:

- [err] wher ei
X is |ower. alkyl

n Rerr] is |ower alkylene containing 1 to 3 carbon atons;
ene containing 1 to 3 carbon atons, oxygen, ‘sulfur or-

-NH-; Y and Z are independently oxygen or sulfur; Mand Ware .

I ndependent |y car

bonyl, thiocarbonyl, sulfonyl, sulfoxo or |ower alkylene

taini l1.to 2 bon-' at ith th ' t hat, M_and \/ t both
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erel naft’er, the conpounds (I

: this invention have a basic
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cyclic(lower alkyl) of structural formula:

___R4 ,. ‘ i AN
s

N

wherein R? is lower alkylene containing 1 to 3 carbon atoms;

X is lower.alkylene containing 1 to 3 carbon atoms, oxygen,.

sulfur or'-NH-; Y and Z are independently oxygen or sulfur;

M and W are in@ependéntly carbonyl, thiocarbonyl, suilfonyl,

sulfoxo or lower alkylene containing 1 to 2 carbon atoms,

with the

proviso that M and W are not both lower alkylene

when X is -NH- and the pharmaceutically acceptable salts

thereof.

The compounds are disclosed to be useful as aldose

reductase inhibitors for the prevention or treatment of-

complications associated with diabetes mellitus.

The'compounds of this invention are clearly distin-

guished ffqm the compounds of the above Eurbpean patent in

the chemical structure, that is, as is_clear_from_the

formula

. N SR ! ¥ . 'a -;“'-_ .
(I) disclosed hergingftéi,{&hééc@hpggnﬁbﬁﬁi) of this

invention have a basic nucleus of pyfrolo[l,z—a]pgrazine

ring which is clearly different from thé basic nucleus of
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=-3- t he above conpounds of the European patent. - Di abetic
pat Fents have been synptomatically treated wth insulin or oral .
hypogl yceni ¢ agents. However, none of these treatnents is able to
-=reinstate entirely normal glycem c condition, and conplications associ ated
with prolonged hyperglycena, such asscataract, retinopathy, keratopathy,
neur opat hy and nephropat hy, devel op during |ong-term diabetic period.
Therefore, the prevention of ‘the initiation and progression of the
di.abetic conplications are beconm ng one of the nost inportant subjects of
nowadays for the treatnent of the diabetes nellitus. _ The
-abnornmality of polyol netabolic pathway is postulated to be a common
bi ocheni cakhei akove compoymishodehbei Buxipesdr petisnti abeti c conpli cati ons.
Al dose reductase, the key enzyne -of "pol yol pathmay,-catalizes t he
conversi on of gl ucoBtabetkpmatiepts Trve teenx sympEPmasicalint breakrefet
ti ssues of diabetic, conplications (e.g. blood vessels, peripheral_nerves, .
| enses and@kFRnt9SYLiR F RRadr byPRILYCRRG @gerssconBareyehy t ROPRRE i n
normal tissues, The .increase in glucose activates_al dose_reductase and
Chereby  aChEss, STERtRdits i ablpnke tRinstocs) EPhyr PAYARORBEAMI ati on o
sorbitol i t] S. _The _i.n  |.ul.ar _a taall of sorbitol is
consi der edg%%g%rﬁg%u%%ﬁ%f '%/opne’r (;%g gokélslgtgﬁe‘lf#e]%tnsmé%ﬁldéggﬁﬂt gggﬁ an

accunul at i gpoy, néé&'iﬁygéi(%;&l?&%n:ig, LH&P1a§|fggg_a9§gége£éuhaapggg§g_e and causes

e

pat hogenesi s o di abe | catl ons r et al’. Rev.
' keratopathy, neuropathy and nephropathy, develop during

long~-term diabetic period. Therefore, the prevention of the
initiation and piogression of the diabetic compliéations are
becoming one of the most important subjects of,nowadays for
the treatmént of the diabetes'mellitus.

The abnormality of polyol metaﬂolic pathway is
postulated-to.be a common biochemical link to the
pathogenesis of various diabetic complications. Aldose
reductase, the key enzyme of polyol pathway, catalyzes the
qonversion of glucose to sorbitol. The influx of glucose
into target tissues éf diabetic complications (e.g. blood
vessals, peripheral nerves, ienéeé and kidneys) is gfeater
in Qiabetics as compared with that in.nofmal tissues. Thé‘
increase in glucose activates aldose reductase and thereby
accglerates sorbitol formation, resulting in aﬁ accumulation
of sorbitol in these tissues. The intracellular accumula-
tion of sorbitoi is considered to produée a hyperosmotic
effegt‘which results in an accumulation of £luid, which, in
turn, produces cellular damage and causes pathogenesis of

diabetic complications [P.F. Kador et al., Ann. Rev.



~4- Phar macol . Toxi col ., 25 691-714 (1985)] Accordingly, it is
considered that a conpound havi ng al dose reductase inhibitory activity

W Il be effective for the prevention and treatnent of diabetic
conpl] i cations and many researchers in the world have investigated various
‘types of conpounds for devel opi ng a-new-al dose reductase inhibitory agent.
Until now, only two al dose reductase inhibitory agents, N=[[6-

met hoxy-5- (trifluoronethyl)-1-naphthal enyl]thi oxomethyl]-N  nethyl gl yci ne
[ generic nane: tolrestat, of. Merck Index, 11th Ed., 9451 (1989)] and

(E, E)-5-(2- nethyl 3- phenyl -

propenylldene; QXO0- 2- thloxo thLazolldlneacetlc aci d eneric name:

epal r est at Phg ma‘??elr'clg'qxﬁ&@} (128, EA177385619850dg0) Pegprd rcttlly

avai |l abl e Ln SOne - Howeve hese cq 5§ﬁFnds do,_not have

necessarily s?ﬁQﬁ t&&%IGIFVmPePn?h aBNe A sTBPUCFRERd hereinafter,
and N. S E’R Qgﬁ&ﬁ%’&%av%y giin NE 3?&5%#1; 55Pene38re %r?tfgxgl J(dl985)]

Thus, there a new conpound having nor ose

reductase {:Pg'?tgﬁér&r %faﬁEhEbEXC%Bﬂpi?ééﬁléﬁ(Ia(i'lldt Yany researctﬁ!f@fln

Descri pt ion of the Invention e present | nvent ors have

intensivel ¥nk nvagld Bakedinbestigdtaddeatises. wgeeoaaouaﬂp&ﬂva@gf@mperl or
al dose reductase inhibitory acfivity with less toxicity and as a result

have founddébelopione acaeporbdssbayedgcBasetimiipdtory agent. Until

pyrrol o[ 1, 2-a] pyrazi ne-4-spiro-3"'-pyrrolidine nucl eus
now, cnly two aldose reductase inhibitory agents, N 116~
methoxy-5~(trifluoromethyl)~-l-naphthalenyl]thioxomethyl]-N-.
methylglycine [generic name: tolrestat, cf. Merck Index, |
1lth E4d., 9451 (1989)) and (E,E)-5—(2—methylf§-phenyl-2—
propenylidénej—4—oxo-2—thioxo—3-thiaéolidineacetic acid
{generic namé: epalrestat, cf. Merck Indéx, 11th Ed., 3556
(1989)]) are commercially available in some countries:.
However, these compounds do not have necessarily sufficient '
activity [cf. the experiments disclosed hereinafter, and N.
Simard-Duquesne, 2t. al., Metab. Clin. Exp.,.gg, 885~-892
{1985)]. Thus, there has been seeked a new compoﬁnd having
more potent aldose reductase inhibitory activity with less
toxicity.

Brief Description of the Invention

The preéent inventors have intensivel& investigated
to £ind a desired new compound having superior aldose
reductase inhibitory activity with less toxicity and as a
result have found cthat some compounds having a tetrahydro-
pyrrolo{l,2-z)pyrazine-4-spiro-3'-pyrrolidine nucleus

possess the desired properties.



possess the desired properties. - 5-
Thus, an object of the invention is to provide novel
tetrahydropyrrol o[ 1, 2-al pyrazi ne-4-spiro-3'- pyrrolidine derivatives
havi ng excell ent al dose reductase inhibitory activity. Another object of
theinvention is to provide processes §or the preparation of the new
conpounds. A further object of the invention is to provide use of the
conpounds for the prevention and treatnent of diabetic conplications.
Still further object of the invention is to provide pharmaceuti cal
conpositions containing as an active ingredient said conpound which are
~useful for the preventlon and treatment of diabetic conplicatjons. These

and other objects HMPFadPadbdges of the inRantiom 34 110 Rrapdfrent to
those skilled jn the ar fromth foll? desc tloq_ Det ai.l ed
‘Descri pti 6P Wl e quyFrololl,2-a Eﬁ%éZLne' piro-3'-

tetr ahydr opyrrs a%g g AIRGRLS fosthi o ay) i A Hildesal] ves, o

this |nve |on err]

wherein RGH Jp A Rl Eloi35S | AMSRARICOD o 6¥ QURD 1 PAIASRY 1Y lto

provide processes for the preparation of the new compounds.
A further object of the invention is to provide use of the
compounds for the prevention and treatment of diabeﬁic '
complicatiqne. Still further object of the invention is to
provide pharmaceutical-compositions containing as an active
'1ngredlent said compound which are useful. for _the prevention
and treatment of diabetic compllcatlons. These and other
objects'end advantages of the invention will be apparent to
those skilled in the art from the following description.”

Detailed Description of the Invention

The tetrahydropyrrolo[l,2-a)pyrazine-4-spiro-3'-
pyrrolidine derivatives of this invention are compounds of

the formula:

TN
_=/. (1)

wherein R! and R? are independently hydrogen, halogen, tri-

fluoromethyl, alkyl having 1 to 6 carbon atoms, alkoxy



fluogohethyl, al kyl having 1 to 6 carbon atons, al koxy

-6-- having 1 to 6.carbon atons, or nitro, and R3 is hydrogen, hal ogen
or alkyl having 1 to 6 carbon atons, and pharmaceutically acceptable salts
t her eof . The pharnaceuti cal |y ;acceptabl e salts of the conpounds

(1)7include salts with I norgani ¢ bases (e.g. sodium potassium and
amoni um - and salts with organic bases (e.g. isopropylam ne, diethylam ne,
et hanol am ne, triethanol am ne, piperidine, and |ysine). The
conpounds (1) and their salts may be present in the formof a hydrate or a
solvate, and these hydrate and solvate are also included in this
i nvention. having 1 tdB&sicdedont heomsppou it rEl,) aoénR3i Asahyficagenone
asynmetric carbon atom that is, the spiro carbon atomat 3'-position of
the pyrrol ikhYegen my, adkylhbavéngvar tous cartbonesitoBser 8Nflay be present.
These stereoi soners and their mxture and racem ¢ conmpounds-are al so
i ncl uded i rPhaRRaCquhicRLlynacrRPEabieosatife th6RB6Ends of the fornula (1)
wherein Rerr] , Rewur and ern% e all a gtou nt ai.ni no
asynmmetri ¢ carbon at'dif PHREMBRERLR ﬁgiyrﬁﬁFqﬂﬁP Bo?@ﬁ S gﬁdhgg reduct ase
i nhi bitory activit: tﬁﬂg.th ther . _enant.ianer. . . g rough the
spec!fipali%ﬁpgﬁﬂfqgaﬁ }HCEgﬁsggﬁltsd%ﬁgzg@OFP58%Fn8?58ﬁ| PF e, bromne
;’ﬂggp'rgg'ype-soaﬁl,#y'pota%%% €S anbOLnREATR Frarn® i ks GLRY orgaRRY! .
bases (e.g. isopropylamine, diethylamine, ethanolam?ne,
triethanolamine, piperidine, and lysine).

The compounds (I) and their salts may be present in
the form of a hydrate or a solvate, and these hydrate and
solvate are also included in this invention.

Besides, the compounds (I) contain at least one
asymmetric carbon atom, that is, the spiro carbon atom at
3'-position of the pyrrolidiné ring, and hence, various
stereoisomers may be present. These stereoisomers and their -
mixture and racemic compouhds are also included in this
invention. In case of the compounds of the formula (I)
wherein Rl,_R2 and R3 are 211 a group containing'no
‘asymmetric carbon atbm, one enantiomer has more potent
aldose reductase inhibitory activity than the other
enantiomer.

Through the specification and claims, “halogen"

" denotes fluorine, chlorine, bromine and iodine. “A}kyl“
" denotes, for example, methyl, ethyl, propyl, isopropyl.
butyl, isobutyl, pentyl, and hexyl, preferably alkyl having

1l to 3 ca;bon atoms.



buty], isobutyl, pentyl, and hexyl, preferably alkyl having 1 to 3 carbon
at ens. _ ' -7- " Al koxy" -
denotes, for exanple, nethoxy, ethoxy, propoxy, isopropoxy, butoxy,

‘i sobut oxy, pentyloxy, and hexyloxy, preferably al koxy having 1 to 3 carbon
at 6ns. The group of the formula:- [err]
-includes, for exanple, benzyl, 2-bronobenzyl, 2-chloro- benzyl,
2-fluorobenzyl, 3-bronmobenzyl, 3-chlorobenzyl, 3- fluorobenzyl,

4- br onmobenzyl, 4-chl orobenzyl, 4-fluorobenzyl, 4-iodobenzyl,

4- br ono- 3- chl or obenzyl, 4-brono-2-fluoro- benzyl, 4-chloro-2-fluorobenzyl,
2, 4-di chl orobenzyl, 3,4- dichlorobenzyl, 3,5-dichlorobenzyl,

2, 4-di bromobenzyl , 3, #koxy'hdansi@szy Ifor3 esampbronbpthexy, ethoxy,

2, 4-di fl uorobenzyl, 2- fluoro-4-iodobenzyl, 4-trifluoronethyl benzyl,

4- et hyl - Béﬂ??%?f JASRRIRBR e ARLOXY <4 1 8PRBEABY y bBRB LY 10%Y 1 AN%ret hoxy-
benzyl, and, 4-nitrobenzyl. Pceferre onpounds are conpounds of

t he fornulahefy;oﬁﬁé¢@ﬁ 58y RResge ?Vﬁﬁpogeﬁ? rc%ébﬂﬂfé%qm%and :
pharmaceutically ac sal thereof . Mre preferred conpounds are
conmpounds of the fo?frtuP% ?}I(cﬁ.}p %%&en%ﬂ?g'wf‘and Rlerr] are independently
hydr ogen or hal ogen and R err] is hydrogen,- hal ogen, or 7-nethyl, and

phar maceutically acceptable salts =Y
' />

—owL

R2

includes, for example, benéyl, 2-bromobenzyl, 2-chloro-
benzyl, 2-fluorobenzyl, 3-bromobenzyl, 3—ch%9robenz§l, 3~
flﬁo;obenzyi, 4—broﬁobenzy1, 4—chlorobenz§i, 4-fluorobenzyl,
4-iodobenzyl, 4-bromo-3-chlorobenzyl, 4—5romo—2-fluoro-
benzyl, 4-chloro-2-fluorobenzyl, 2,4-dichlorobenzyl, 3,4-
dichlorobenzyl, 3,5-dichlorobenzyl, 2,4—dibromobenz§1,_3,4~
dibromobenzyl, 3,5-dibromobenzyl, 2,4-difluorobenzyl, 2-

' fluoro—4-iodobenzyl,.4—trif1uoromethylbenzy1, 4-methyl-
benzyl, 4-methoxybenzyl, 3,4-dimethoxybenzyl, 2,4-dimethoxy-
benzyl, and 4-nitrobenzyl.

| Preferred compounds are compounds of the formula
{I) whe;ein R3 is hydrogen, halogen, or 7-methyl, and
pharmaceutically_acqeptable salts thereof. Mdfe preferred
compounds are compounds of the formula (I) wherein R} and R2
are independently hydrogen or halogen and R3 is hydrogen,
halogen, or 7-methyl, and pharmaceutically acceptable salts
thereof. Other more preferred compouﬁds are compounds of

the formula (I) wherein Rl is alkyl having 1 to 3 carbon



thereof. Qther nore preferred conpounds are conpounds of the fornula (I)
wher'ein Rlerr] is alkyl having 1 to 3 carbon :

- 8- atonms or al koxy having 1 to 3 carbon atons, and Rerr] is

hydr ogen, hal ogen, or 7-nmethyl, and pharmaceutically acceptable salts
thereof. Particularly preferred conpotunglss are conpounds of the formula (I)
wherein R err] is hydrogen or halogen, Rerr] is halogen and R err] is
hydr ogen. Preferred stereoi sonmers of the conpounds (1) are
racem c conpounds and enantioners thereof having nore potent al dose
reductase inhibitory activity conpared with the other enantioners.

Speci fi | f.th ticularl f d th
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[ 1, 2-a] pyr Q%Leneoﬂ;isghgg-'o?% - g redinelinel 1}, whefebn RetinMmdrogen or  2-

(4-bronmobenzyl ) - [ , 4-tetrahydropyrrolo[ 1, 2-

al] pyrazi net iagbho-ﬁb-pyfmaﬂégﬁﬁuﬂndLn? is, hydtegemne, and

2-(4-chl cro-2-fluorobenzylt)-[1, 2,3, 4-tetrahydro- )

pyrrol o[ |, 2-a] pyr azPnefdr sed ret< eqiygomerisdofiethd , comppwids (It 183 ge.
racemic compounds and enantiomers thereof having mor? potent
aldose reductase inhibitory activity compéred with the other
enantiomers.

Specific examples of the particularly preferred
compounds are the followiné compounds and énéﬁtiomers
thereof having more potent aldose reductésé inhibitory
activity compared with the other enantiomers: .

| 2-(4—bromo—2~fluorobenzy1)—[1,2,3,4—tetrahyar6—

pyrrolof[l,2-a)pyrazine-4~spiro-3'-pyrrolidine}-1,2',3,5'-
tetrone, '

2-(3,4-dichlorobenzyl)~[1,2,3,4-tetrahydropyrrolo-
{1,2-alpyrazine—-4—spiro-3'-pyrrolidinel}-1,2',3,5'~tetrone,

2—(4—bromobenzyl)—[l,2,3,4-§etrahydropyrrolo[l,2—
a]pyrazine—4-spiro—3'—pyrrolidine]~l,2',3,5‘—tetrone, and

2-(4-chlcro-2-fluorobenzyl)-(1,2,3,4-tetrahydro-
pyrrolo[l,2-alpyrazine-4-spiro-3'-pyrrolidine}-1,2',3,5'-
tetrone.

The most preferred compound is a compound of the

formula (I'):



The mest preferred conpound I's a conpound of the formula (I"):

" 9" F Clerr]

0 Speci fic exanpl es of said nost preferred conpounds are as
fol | ows: 2- (4-brono-2-fluorobenzyl)- [1,2,3,4-tetrahydro-
pyrrolo[l,2-a] pyrazine-4-spiro-3" -pyrr8ltdine]-1, 2,3,5"- tetrone, and

an enantiomer of 2-(4-brono-2-fluorobenzyl)-
[1, 2, 3, 4-tetrahydropyrrol o[ 1, 2- a] pyr azi ne-4-spiro-3'-
pyrrolidine]-1,2",3,5 -tetrone having the follow ng speC|f|c rotation:

“[a][err] = +1.96[err] (c=1.02, ethyl acetate); [a][err] = -7.6 (c=1.02,
net hanol); and [a][err] = -33.0[err] (c=1.02,
405 net hanol) .- The foll ow ng compounds and enantioners thereof

are also enunerated as exanples of co unds of the forrmula (1) as well
as the conpounds of working exganpl es gi ven hereln- after.
2-(2-fluoro-4- |odobenzyl) [1,R,3,4-tetra 0- :

: = CHz Br-

(')

Specific examples of said most preferred compounds
are as follows:

2-(4-bromo—2~fluorobenzyl)-[1,2,3,4-tetréhydro~
pyrrolo[l,zfa]pyrazine-4—spiro—3'-pyrrolidiﬂéj—l,Z',3,5'—
tetrone, and .

an enantiomer of 2—(4-bromo-2—fluorobenzyl)—
[1,2,3f4~tetrahYdropyrrolo[l,2-a]pyrazine-4—spird-3'-
pyrrolidine]—l,2',3,5'—tetrone having the following specific

A 27.5 _

rotation: [a]2 *1.96° (c=1.02, ethyl acetate); [u]28 =

=7.6° (c=1.02, methanol); and [u]28 = -33.0° (c=1.02,

methanol).

The following compounds and enantiomers thereof are
also enumerated as examples of compounds of the formula.(I)
as well as the compounds of working examples glven hereln—
after.

2-(2—fluoro-4-iodobenzyl)-[1,2{3,4-t8trahydr°“ .
pyrro}o[l,2-a]pyrazine—4-spiro—3‘4pyrroiidine]-l,2',3'5'-
tetrone, |

2-(4~ bromo—3-chlorobenzy1) (1,2,3, 4-tetrahydro-

pyrrolo[l 2-a)pyrazine- 4-spiro-3'-pyrrolidine]-1,2',3,5'-



ﬁyrrqlo[l,z-a]pyrazine-4<spiro-3'-pyrro|idine]-1,2',3,5'-' tetrone,
2- (A-brono- 3-chl orobenzyl)-[1, 2, 3, 4-t et r ahydr o-
pyrrol o[ 1, 2- a] pyrazi ne-4-spiro-3'-pyrrolidine]-1,2",3,5"- .

tetraone, 2- (2, 4-di bromobenzyl )-[1, 2, 3, 4-tetrahydropyrrol o-

[ 1, 2-a] pyrazi ne-4-spiro-3' -pyrrolidirelols2', 3,5 -tetrone, 2- (3,
4- di bronobenzyl )-[1, 2, 3, 4-tetrahydropyrrolo- [1,2-a

pyrazi ne-4-spiro-3' -pyrrolidine]-1,2",3,5 -tetrone, 2- (3,

5-di bronmobenzyl)-[ 1, 2, 3, 4-tetrahydropyrrol o-

[ 1, 2-a] pyrazine-4-spiro-3' -pyrrolidine]-1,2" 2',5 -fetrone, and
2- (4-bromp-2-f | uorobenzyl) -7-nmethyl- [1, 2,3, 4- :
tetrahydrg%VH ?ﬂ:l,Z-a]pyrazine-4-spiro-3'-pyrro|idine]-

‘1,2',3,5 -tetrone. ,_ _~:pThe. co ngs of, this, i i be
prepared, for exaé%”gj4bflP58@P8FPg§?xgﬁ%fﬁgégsEEF&Qésgggggr?§¥9 _

(1§ P o D s g R e 1 B P aboo e rand
Rlerr] is a carboxmu(39@@%3%&bﬁabghgyp;-ﬁnQ,é,MStb@kaagazopb&boqoconpound

of the [l,2-a}pyrazine-4—spir6—3'-pyrrolidine]—l,z',3,5'-tetr0ne,
2-(3,S-dibromobenzyl)-[l,2,3,4—tetrahydropyrrolo¥
[1,2—a]pyrazine-4—spiro-3'—pyrrolidine]—l;Z',3;5*—fe€fone,
and |
2-{4-bromo-2-fluorobenzyl)-7-methyl-{1,2,3,4~
tetrahydropyrrolo[l,Zﬁa]pyrazine—4—spiro—3'—pyrrdlidine]—
1,2',3,5‘—tétrone. S

The compounds of this invention may be prepared,

for example, by the following processes.

Process (a):
The compounds (I) can be prepared by reacting a

compound of the formula (II):

R2 COCX
/Y 3
&\/N . COOR4 (I1)

NH
0

wherein R3 is_as defined above, and R4 is a carboxy-.
protecting group, and X is halogen, with a compound of the

formula (I1I):

SR
HZN——CHZ-C:\} «(III)
R2 '



formda (111): [err] wherei.n Rlerr] and

Rl err] are as defined above. The "carboxy-protecting group" for
Rlerr] in the above conpound (Il) neans all conventional protecting groups
capahl e of being easily renoved by conventional neans such as hydrolysis
and hydrogenol ysis which are usually-ugad-in the field of peptide
synthesis. Suitable exanples of the protecting groups renovabl e by

hydrol ysis are | ower al kyl groups such as nmethyl, ethyl, and propyl, and
suitabl e exanples of the protecting groups renovable by hydrogeno- |ysis
are benzyl, 4-nmethoxybenzyl, and 4-nitrobenzyl. The hydrogenol ysi s

i ncl udes vari ous nmegns suqﬂ as catalytic _ reduction and catal ytic transfer
hydr ogenat W8FTein R™ and Rh@ng & %6 186% AR®®nmpound (I11) and the conpound

F11) i | ' ' I which, d .
i(nf I Lelngeuts'ﬁg rgagﬁ%%sdca%ﬁ%p%o? c:{fgrrr:’tﬁ ﬁﬁég%e Pe%l%?t"é‘d%ﬂéeégggrgdance
ith, f ' fy 4t AN kncl udes, f
exampl o, acongopfa (PF) SR B BenoRhTiondd SAORAHINY, ABUoRI” enated

hydrocar bogapanel &8 wh E2LLE d 5p! G5 S tHordiinfletinsSdabhAS
-tetrahydrofu?%n and Jﬁ%ﬁg%g%-an gﬁﬁgﬁﬁylggrﬁanide.c)These gglvents may be

used al onea@r hiyr §Dydi ) i@ hydr dgen Ay s i80GR thed B fusubllayabeed daaction is
preferably carried out

: the field of peptide synthesis. Suitable examples of the
protecting-groups removable by hydrolysis are lower ?lkyl
groupé such as methyl, ethyl, and propyl, and suitaﬁle
examples of the protecting groups removable by hydrogeno-
;ysis are benzyl, 4-methoxybenzyl, and 4-nitrobénzy1. The
hydrogenol&sié includes various means such'aé-éatalytic
reduction and catalytic transfer hydrogeﬁation. .

The reaction of the compouﬁd (II) and the compound

(III) is usually carried out in a solvent which dées'n6£
adversely influence the reaction.  Suitable solven£ may be
selected in accordance with, for example, the kinds of the
starting compounds, and includes, for example, aromatic
hydrocarbons such as benéene and toluene; halogenated
hydrocarbons such as dichloromethane and chloroform; ethers
such as tetrahydrofuran and dioxane; and dimethylformamide.
These solvents may be used alone or in combinatibn of two or
more théreof. The above reaction is preferably carried out
in the presence of a basic‘substance, which includes, for
examplé, organic bases such as triethylamine, tributylamine,
diisopropglethylamine} N;methylmorphéline, pyridine, and

N,HN-dimethylaniline; and inorganic bases such as alkali



in the presence of a basic substance, which includes, for exanple, organic
bases such as triethylam ne, tributylam ne, diisopropylethylam ne,
N- net hyl nor phol i ne, pyridine, and N, N-dinmethylaniline; and inorganic bases
such .as al kal i : - 12 - net al
carbonates (e.g. sodium carbonate and b%ﬁéssiun1 carbonate), or alkal
net al hydrogen carbonates (e.g. sodium hydrogen carbonate and potassium
hydrogen carbonate). Alternatively, an excess anount of the compound (I11)
may be wused instead of using the specific basic substance. The reaction
tenperature may vary dependi ng, for exanple, on the kinds of the starting
_ conpounds .mdyl1 icarbomltles i(&.ghesbai@f caifbondeet aghiepbtéss dumbout

100[err]C, preferably in the range of about 25C to about 70[err]C. The
conmpound (dddhormaye )3l ®@ RQkalseaetnl thpdfayem ehrbonackd pddyti sodsamt ,
which is converted into a free base in the reaction system Sone
of the corpsinogen Icairboaadecamiepotassdium dydrbgbhecandonabe)s can be
prepared by a process known per se. The conpounds (I1) are novel and can
be prepar ddtarnatigediypl ap xcese anowds ofasghehoemppund heIib) | Bay nbe
Reaction Schene-|I. - 13-

used instead of using the specific basic substance. The
reaction temperature may vary depending, for example, on the
kinds of the starting compounds, but is usually in.the range
of about 0°C to about 100°C, preferably in the_range.of
about 25°C to -about 70°C. The compound (III) may also be
used in the form of an acid addition salt, which is
converted into a free base in the reaction syéfgm.

Some of the compounds (III) archommerciall§
available and others can be prepared by a process known per
se. The compounds (II) are novel and can be prepared,'for
example, by the process as shown in the following Reaction

Scheme—-I.



React iron Schene- | [err] wherein Rerr],
Rl erT]
group renovabl.e by hydrogenolysis, and Y is hal ogen, provided that when
Rlerr} is a protecting group renovable by hydrogenolysis, Rerr] is

and X are as defined above, R err] is tert- butyl or a protecting

tert-butyl. Each stepin.the alpove Reaction .Schenme-1 is carried
out as follows. (Step 1): -~ The conpound (V) can be prepared, for
exanple, by the nethod as disclosed in J. Med. Chem, 21, 962-964 (1978).
- 14 - ' : .

Reaction Scheme-I

R3
\<§ﬁ .
\\/NY_coon4 + Y-CHyCOOR® ———s \\,N COOR4
COORY Seep 1 | COOR*
COORS
(v) (VI) (VII)

93\
> K.

coord &/N COOR*4

Step 2 COOR* " step3 - COOR4
COOH , CONH,
(VIII) (IX)
\ .
RV N
COOR4 \\,N COOR%
Step 4 o Step § o
: NH NH
0
o)
(X) | (11)

in 3 g4 ) |
wherein R®, R® and X are as defineg above, R® is tert-

bptyl or a protecting group removable by hydrogenolysis, and

Y is halogen, provided that when R% is a protecting group

removable by hydrogenolysis, RS is tert-butyl.

Each step in the above Reaction Scheme-I is carried

out as'follows.

(Step 1):

The compound (V) can be prepared for example, by

the method as disclosed in J. Med. Chem., 21, 962-964
(1978).



The reaction of the conpound (V) and the conpound (VI) is usually carried
out 1 n an appropriate solvent in the presence of a basic substance. The
sol vent includes, for exanple, cyclohexane, benzene, toluene, Xxylene,

tetrahydro- furan, dioxane, nethanol, ethanol, isopropyl alcohol,
pyri di ne, and di net hyl f ormam de. The basi ¢ substance includes, for
exanple, alkali nmetals (e.g. lithium sodium and potassiun), alkali neta

hydri des (e.g. sodium hydride), alkali nmetal hydroxides (e.g. sodium
hydr oxi de and potassi um hydroxide), alkali netal carbonates (e.g. sodium
carbonate and potassi um carbonate), alkali metal hydrogen carbonates
(e.g. sodium hydrogen carbonate and potassi um hydrogen carbonate), and

al kali metal al koxi dd¢ greagtigpdefintheromperad, (¥ddrnegh eheosempounghd

potassiun1tﬁ%#-butoxidié. The reaction is usually. carried out at a
t enper at ur eV5F) ghotfua: @[QFFTE?SdP%BdﬂiaPSGFBF?? late gpelyvent in the

The "prot | bl e by, hyd lysis: _f 5. 1N the f I
(1) " reand S8 BRECS: SubtvafeasR Pobdonn Belid, i caiiTon
i : zyl,
4-nitro-y ﬁgﬁéﬂ , 'a%&cigﬁg%%ggygééé%hqe’ tollehd! g%%égéhpéﬁﬁg#é¥d the d
formul a (VidyraMer@ionaRa, | Rt A&AdT PWiHanod) PEoSPHYFI t £fcdny0, the conpound

(M11) by treating with trifluoroacetic acid in an appropriate solvent
such as di gyrrginet,hang aimsthel 3 @idkidkhe PRECKAOIC i Substance

SR inciudes, for example, alkali metals (e.g. lithium; :sodium,
and potassium), alkali metal hydrides (e.g. sodium hydride),
alkali metal hydroxides (é.g; sodium hydroxide and potassium
hydroxide), alkali metal carbonates (e.qg. sod?um carbonate
and potaSsium carbonate), alkali metal hydroéen carbonates
(e.q. sodium hydrogen carbonate and potaésium hydrogen
carbonate), and alkali metal alkoxides (e.g. sodium
methoxide, sodium ethoxide, and potassium tert—butokidé).
The reaction is usually carried out at a temperéture of
about -~10°C to about 150°C.

(Step 2):' |

The "protecting group removable by hydrogenolysis"
for R® in the formula (VII) means a group capable of being
easily remcved by catélytic reductién or catalytic transfer
hydrogenation, and includes, for example, benzyl, 4-nitro-
benzyl, and 4-metho£ybenzy1.

The éompound of the formula (VIXI) wherein R is
tert-butyl can be converted into-the compound (VIII) by
treating with trifluoroacetic acid in an appropriate solﬁent

such as dichloromethane or chloroform. The reaction is



usually carried out at a‘'tenperature of about. 25[err]C to about

The conpound of the fornula (VI1) wherein R5 is a protecting group

r-enovabl e by hydrogenol ysis can be

hydr agenat
pal I adi um

presence of a catal yst such as

ing in the presence of a catal yst such as Raney nickel or

50 [err]C

converted into the conpound (VIII) by

carbon in an appropriate'@&ﬁvént, or alternatively by .reacting
with a hydrogen donor (e.g. ammoniumformate or cyclohexene) in the

The solvent includes, for exanple, water, nethanol, ethanol, acetic
di oxane, and tetrahydrofuran. The reaction S usually carried out at a

" tenper at ur@émfalagoetar%:‘eésra]:@ he 2
under pressure.

pal | adi um carbon in an appropriate sol vent.

acid,

ei%ai:sfé] &f ddbowt NPSIREED CaSSUr e or

he conpound (VII1) or a reactive

derlvatlvesﬂ°drma carboxyl group thereof is reacted with ammoni a under a
conventional condition suitable for am dation reaction to gi§e t he

conpound (

| X) . The coffhounéact ithe dermudéai (CIR) wher<in

‘the conpound (VI11) includes acid chlorides and active esters (e.g.
N- hydr oxys BF@teckiog gsoep anmowmmwﬁm@enolxm%ecayst@) When t
compound (VII1) itself is used, the _reaction |s usual carrled out

presence oCoRveE §RGehntBnkle c6AMRRING I((FRIAYCPY h¥iresenathing AHDHAS | -
Bk 8 AL AL A o e

carbon in an appropriate solvent, or alternatively. hy

- reacting with a hydrogen donor (e.g. ammonium formate or

cyclohexene) in the presence of a catalyst such as
palladium—-carbon in an appropriate solvent. The solvent
includes, for example, water, methanol, ethahél, acetic
acid, dioxane, and tetrahydrofuran. The reaction is usually
carried out at a temperature of about 25°C to abéut 80°C at
atmospheric pressure or under pressuie. |
{Step 3):

The compound (VIII) or a reactive derivative at the
carboxyl group thereof is reacted with ammonia under a
conventional condition suitable for amidation reaction to
give the compound {IX).

The reactive derivative at fhe carboxyl group of

the compound (VIII) includes acid chlorides and active

" esters (e.g. N-hydroxysuccinimide ester and N-hydroxyphthal-

imide ester). When the compound (VIII) itself is used, the
reaction is - usually carried out inlthe presence of a
conventional condensation agent, sucﬁ as dicycloheiyl—
carbodiimide, l—ethyl-B—(3—dimethy1aminopropyl)carbodiimide

hydrochloride, or N,N‘-carbonyldiimidazole. The reaction is

Rxyls g oup of

he ,
in the



- 16 .- usual ly carried out in an appropriate solvent, such as
-~ benzene, toluene, dichloronmethane, chloroform tetrahydro- furan, dioxane,
acetonitrile, or dinethylformam de, at a tenperature of about O[err]Cto
about. 150[err]C. (Step 4): The conpound (I X) obtained in the
aboVe step 3 is subjected to cyclization reaction in the presence of a
basi ¢ substance to give the conpoundé(X). The reaction may be carried out
by using the sane basic substance and solvent as used in Process (b)
di scl osed hereinafter. The reaction is wusually carried out at a

tenperature of about -20[err]C to about 60[err]C. (Step 5): The
conpound (X) obtained in the above step 4 is reacted with a '
trlhalogenoa0££ic hal,i de of the fornul a: . L émhereln X i s as defined
above, anH$%2 eFaﬁ'éFS eﬂ“ts’dbt?’héﬁﬂﬂ%ﬁlﬁ o? b %ﬁ’ﬁ‘heﬁ“ b ag

tri hal oge

defi ned ggﬁeg e’ r¥°t'H8 eélbs Jh focﬁ'Or'}%rfgéggla +£§:€§C0p'r2gt ﬁgﬁ 51 \)/(elntS atso

gi ve 't he u [ ﬁ%ﬁ
di chl or orrg a{r)lerlﬁoﬁt% orm |t\éq{11tel B?hagﬁéth :?%?r ?B(Sfur an, and
-di oxane. ﬂ'gﬁpé%gﬂeogfngyo@p@rﬂoeqbg% Lggeghe presence of a basic

subst.ance, such as organic bases (e triethylam ne, pyridine, and

N, N- di met pgtapidy:ne), or inorganic bases (e.g. sodium carbonate, potassium
carbonate, sodium hydrogen carbonate, and potassi um hydrogen carbonate).
The reaction tenpéhat oompound N IX)e obzagnedf in the above step 3 is

subjected to cyclization reactioh in the presence oﬁ;a basic
substance to give the compound (X). The reaction may be
carried out by using the same basic substance and solvent as
used in Pfocéss (b) disclosed hereinafter. The reaction is
usually carried out at a temperature of about -20°C tg'about
60°C. |
{Step 5):

The compound.(X) obtained i? the above step 4 is
reacted with a trihalogenocacetic halide of the formula:
'CX3COZ (wherein X is as defined.above, and Z is a halogen
such as chlorine or bromine) or a trihalogenoacetic
anhydride of the formula: (CX3C0),0 (wherein X is as defined
above) in the absence or presenée of an appropriate solvent
to give the compound'(II)._ The solv;nt includes, for
example, dichloromethane, chloroform, diethyl -ether, tetra-
hﬁdrof;ran, and dioxane. The reaction may be carried 6ut in
the presence of a basic substance, such as organic bases
{e.g. triethylamine, pyridine, and NLN—dimethylaniline), or
inorganic bases (e.g. sodium carbonaée, potassium carbonate,
-sodium hydrogen carbonate, and potassium hydrogen

carbonate). The reaction temperature is in the range of



- 17 £ about 25[err]C to about 150[err]C. In the above
Protess (a), when the conpound (11) and/or the conmpound (lI11) has one or
two asymmetric carbon atons, the configuration as to the asymmetric carbon
atoms) is retained in the final conmpound (1). That is, fromthe

conpound -(11) and the conpound (I11)-immtthe formof racemic conpound,
there i's obtai.ned the conpound (1) in the formof racenm c conpound.

The enantioners of the conpounds of the formula (I11) wherein Rerr] is
hydrogen can be prepared, for exanple, by separating the product (XV)
obtained in the step 3 in the follow ng Reaction Schene-I1 into two kinds

of enantiongrs ohverting each enantioner into the conpound (X') in the
step 4, fogES%dzﬁﬁsﬁﬂ)ja&ﬁ%itnd'stoacthe reaction as in the step 5 in the

b React i Sch -1, Th | uti f X\V), -i.nNt h

eoanti omor - con bo O riis; SR BRpReRg Al uhel GATRHBSAE Y 2a] © B30
lts th Lt | i [l i i v : | t hod,

Saper at | noenaPh thé borftihin®! (ptI3Ched GriChE Blo BSHARREREORI-LER 107

each di ast g GRUPET tife EilGU-ALiRA 587 ¢S URRNAsPMndtrae BasBon Ila%_mqe?i cal l'y
active acid used as a resolving agent 1n the ™ above resol ution includes, .

for exampl gg fatalmehiarithea@ichal Eddpodnd) (IPr (k- Gs) - €2oRheneul fonic
-acid, L-(+)- or D-(-)- tartaric acid, L- or D-pyroglutamc acid, (S)-(-)-
or (R- (c¢ompahnd K1) .an@Skhetcompound)(IfI) -in [thebifoamhblfyraz2emie diyl
hydr ogen phosphate, (-)- or (+)-2'-nitrotartranilic .
compound, there is obtained the compound (I) in theiform of
racemic compound..
The enantiomers of the compounds of the formula
(II) wherein R is hydrogen can be prepared, for-example, by
separating.the product (XV) dbtained in thé steb 3 in the
following Reaction Scﬁeme-II into two kinds of enantiomers,
_converting each gnantiomer-into the coméound (X') in the .-
step 4, followed by subjecting to the reaction as in the.
step 5 in the above Reaction Scheme—I; The resolution of
the cémpound (XV) into each enantiomer can be carried out,
| for example, by formiﬁg diastereomeric salts thereof with an
- optically active acid by a conventional method, separating
into two kinds of'diaste£eomeric salts and then converting
each diastereomeric salt into the cérresponding free base.
The optically active acid used as a resolving agent in the
above resolution includes, for example, (+)-camphoric acid,
(1S)—-(+)- or (1R)—(-)—éamphorsu1fonic-acid, L-(+)- or D-(-)-
tartaric acid, L- or D—pyroglﬁtamic acid, (S)-(-)- or (R)-
{(+)-malic acid, (S)-(+)- or (R)-(-)—i.l'-binéphthyl-z,2'-
diyl hydrogen phosphate, (-)- or (+)—2'—nitr6tartranilic

acid, D-(+)-tartranilic acid, (-)-dibenzoyl-L-tartaric acigd,



acid; D-(+)-tartranilic acid, (-)-dibenzoyl-L-tartaric acid,:

- 18 - (+)-di benzoyl-D-tartaric acid, and (-)-diacetyl-L-tartaric
aci d. Reaction Schene-11 [err]

wherein R err] is as defined above, R6 is benzyl oxycarbonyl or
tert-butoxycarbonyl, and R err] is a;Cﬂgngy-protecting group, provided
that when R6 is benzyl oxycarbonyl, R4 a protecting group renovabl e by
hydr ol ysi s. - Each step in the above Reaction Schene-ll1 is carried
out as follows. (Step 1): '

(+)—dibenzoyl—D—tartaric_acid, and (-)-diacetyl-L-tartaric

acid.
Reaction Scheme-I1
REHN.. _COOR4 R RBHN. _COOR*
oY +  YOHCOORT ———  ~<oy
. CN : ] Step 1 COOR’
(XI) (XII) o (XIIT) - O
REHN,_ COOR4  HoN__COOR#
—_— 0 @ — =0
Step 2 NH Step 3 . /—NH
o) : o)
(XIV) C(XV)
O
\-N_ _COOR*
. ———— 0
Step 4 NH
o)
(xX')

wherein R? is as defined above, Rr® ig benzyloxycarbonyl
or tert-butoxycarbonyl, and R7 is a carboxy-protecting
group, provided that when Ré is benzyloxycarbonyl, RY is a
protecting group removable by- hydrolysis.

| Each step in the above Reaction Scheme-1I1 is
carried out as follows.
(Step 1):

The compound (XI) can be prepared by introducing a



The conpound (XI) can be prepared by introducing a

- 19 - protecting group on the am no group of 2-amn no-2-cyanoacetic
‘acid ester by a conventional nethod, said 2-am no-2-cyano- acetic acid
ester. being prepared by the nethod as disclosed in Chem Ind. (London),

1980, 541-542. The reaction of the conmpound (XlI) and the conpound
(XI'l') is carried out in the same marme¥? as described in the step 1 in
Reaction Schene-1. (Step 2): The conversion of the conpound

(XI'11) into the compound (XIV) can be carried out. by a known nethod which
Is wusually used: in the hydrolysis of nitrile to amde, for exanple, the

met hod as disclosed in Synt hesis, 1980, 243- 244. (Step 3): The
conver si on_of, the conpound ( X info the : co und. can _be carried out

o b sk R b HBG oL ot B8P PraRiAGT Y ce P acie i Sl ten.
4): s L ; ' d . b Dt 0 — d (X

cZin be cara}'?lead %ﬁtte(}g;}&:%iE%&H_Q%%%%g%f%%‘&éx%%%% e? n%lﬁ%alt‘%g% hod as Si S((:'I o)sed

in J. Med addWeB acdh e3¢ér baffg (FfBred ByOERESMEPNGA as disclosed
in Chem. Ind. (London), 1980, 541-542.

The reaction of the compound (XI) and the compound
(XIX) is carried out in the same manner as described in the
.step 1 in Reaction Scheme-I.

(Step 2):

The conversion of the compound (XIII) into the
compound (XIV)-can be carried out by alknown method which is
usually usea in the hydrolysis.of nitrile tb amide( for
exémple, the method as disclosed in Synthésis, 1980, 243-
244.

(Step 3):

The conversion of the compound (XIV) into the
compound (XV) can be carried out in the same manner és
described in the step 2 in Reaction Scheme-I.

(Step 4): |

-The conversion of the coﬁpoupd_(XV) into the
compound (X') can be carried out by a known method, for
example, the method as disclosed in J. Med. Chem., 21, 962-
964 (1978).

Process (b):

The éompounds (I) of this invention can also be

prepared by cyclizing a compound of the formula (IV):



The conmpounds (1) of thls i nvention can also be prepared by cyclizing a
corfpound of the fornula (IV): ' - 20 -

8] [err] wherein R err], Rerr] and Rlerr] are as
deflned above, and Rlerr] is a carboxy-protecting group or an alkyl

resi due of an optically active alcoh _provided that when R41 is an al kyl
residue of an optically active al cohdl, the configuration at the carbon

atom at 4-position of tetrahydropyrrolo[1l,2-a]- pyrazineringis Sor R
The cyclization is carried out in the.presence.of a basic substance.

The al kyl residue of an optically active alcohol for Rerr] in the above
formula (1V) neans a group derived from an optically active al cohol having
one or nore asymetric carbon atons by reno |ng t he hydroxy group

t herefrom and |ncludes r exanple r (+¥)-nmenthyl, (-)- or (+)-1-
lH/JCH ( ) ornyI : The cycli zation
oprlate sol vent. Suitable

phenyl et hyl, B
reaction is usuall@
ronatlc rocarbons sucfV)as benzene and
ether etrahydrofuran and di oxane; and

exanpl es of the solv
tol uene; ~ ethers such

di met hyl f or mani de. The S|menm€1ance used therein
CONHo

wherein R, R? and R3 are as-defihed above, and R4% %s e
carboxy-protecting group or an alkyl residue of an pbtically
active alcohol, provided that when rR*1 is an alkyl residue
of an optically active alcohol, the configuration at the
carbon etod at 4-position of.tetrahydropyrfolb[1,2—a]—
pyrazine ring is S or R. The'cyclization.is cargied out in
the presence of a bas;c substance.

The alkyl residue of an optically active alcohol
for R4 in the above formula (IV) means a group derived from
an optically active alcohol having one or more asymmetric
carbon atbme by removing the hydroxy group therefrom, and
includes, for example, (-)- or (+)-menthyl, (-)- or (+)-1-
'phenylethyl, {(-)- or (+)-2-butyl, and (-)-bornyl.

The cyclization reaction is esually carried oﬁt in
an appropriate solvent. Suitable examples of the solvent
are aromatic hydrocarbons such as benzene and toluene;
ethers such as diethyl ether, tetrahydrofuran, and dioxane;
and dimethylformamide. - The basie'substance used therein
includes, for example, alkali metals (e.g. lithium, sodium,

and potassium), alkaline earth metals (e.g. calcium), alkali



i ncl.udes, for exanple, alkali netals (e.g. lithium sodium and

pot assium, alkaline earth netals (e.g. calciunm, alkal

-"21 - nmetal hydrides (e.g. sodium hydride), alkaline earth netal
hydr.i des (e.g. calcium hydride), alkali netal hydroxides (e.g. sodium
hydr oxi de -and pot assi um hydroxi de), alkai - netal carbonates (e.g. sodium
carbonate and potassium carbonate), alkali netal hydrogen carbonates (e.g.
sodi um hydrogen carbonate and potassi um hydrogen carbonate), and al kal
met al al koxi des (e.g. sodi um net hoxi de, sodium ethoxide, and potassium
tert-but oxi de), organlc l'ithium conpounds (e.g. Lithium

bi s(trimethyl sil anlde lithium _diisopropylamde, and n-butyllithiunm,
organi c acidm§5?¥ ¥q ¥¥Qfs 48dBunfadivmhydrided - oprdkALEnBagREL matal

L e apy e VL e el LGyl e S0l
SEHIa e R A R i i
e cane AL Lopi e 105N A RE TRyl SOOI
React i on SChQQFbéﬂéte), alkali metal hydrogen carbonates (e.g. sodium
hydrogen carﬁonate and potassium hydrogen carbonate), and
- alkali metal zlkoxides (e.g. sodium methoxide, sodium
ethoxide, and potassium tert-butoxide), organic 1i;gium
compounds (e.g. lithium bis(trimethylsilyl)amide, lithium -
diisopropylamide,. and n-=butyllithium), organic acid salts
(e.q. sodium acetate), and organic bases Xe:g. triethyl-
amine, pyridine, lutidine, and l,8-diazdbicyclo[5.4.0]—
undecana). The reaction is usually carried out ét a
tamperature of about -78°C to about 25°C, preferably ﬁ£out
-78°C to about -20°C.
The compounds of the formula (IV) wherein R4 is
the same as R%, i.e. a carboxy-protecting group, ére hoyel

compounds and can be prepared, for example, by the process

as shown in the following Reaction Scheme-III.



N 22 - . ‘Reaction Scheme-111
[ery] -wherein Rlerr], Rerr], Rerr], Rerr]. and Rerr] are as deflned

above, provided t hat when R[erL] is a protecting group renovable by .

hydr Qgeno- lysis, Rerr] is tert-butyl. Each step in the
above Reaction Scheme-111 is carried out as foll ows. (Step-1):

This step can be carried out in the samgZranner as described in the step

5 in Reaction Schene-|.

Reaction Scheme-I111

R o 3 - Compound (111)
& R COCXg omp
Q;:l coor* 7§jj/ 4 e
. \r Step 1 N _COOR™ . step 2
COOR? COOR?

(V) : (XVI)

31 Compound

100 B g =
) ?(CC

4 Step 3
°°°“ | cooRr?
(XVII) | COORS®
(XVIII)
IN\[:jJ \<\7/H\ /\\[:jJ
4 Step S
EKEE;R EK;t;R4
COOH . CONH,
(XIX) (Iv')

wherein Rl, Rz, R?,.R4 and R® are as defined above, provided
that whén RY is a prbtecting group.removable by.hydrogeno-
lysis, R> is tert-butyl. . '
-Bach step in the above Reaction Scheme-III is
carried out as follows.
(Step 1):
| This step can be carried out in the-éame manner as

described in the step 5 in Reaction Scheme4I.



- 23 - (Step 2): This step can be carried out in the sane
marmer as described in the above Process (a), preferably in an inert

at nrosphere. "(Step 3): The conpound (XVII) and the conpound (VI)
are _reacted in the sane manner as described in the step 1 in Reaction
Schenme-1 to give the compound (XVII1). The reaction is preferably carried

out in an inert atnosphere. (Step 43:23 - _ The conpound (XVII1) can
be converted into the conpound (XIX) in the sane manner as described in
the step 2 in Reaction Schene-I. (Step 5): The conpound (Xl X)

or a reactive derivative at the carboxyl group thereof is reacted with
anmmonia in the sane nmanner as described in the step 3 in Reaction Schene- |
to give the, conpound (I1V). The conpounds of the formula (1V)
wher ei n R[éSFfpi )an al kyl residue of an optically active al cohol are

novel conpounds angd .can be prepared, for.examle, by the process_ as shown
in the follow ng Rgld iéﬁegcﬁaﬁgb-? \parried out in the’ same hamney 7 -

_described in the above Process (a), preferably in an inert
atmoéphere.
(Step 3): .

The compound (XVII) and the combound (VI) are
reacted in the same manner as described in the step 1'in
Reaction Scheme-I to give the compoﬁnd (XVIII). The
reaction is preferably carried oﬁt in an inert atmoéphered
(Step 4):

The compound (XVIII) can be converted into the
compouﬁd (XIX) in the same manner as descfibed in'the step 2
in Reaction Scheme-I.

(Step 5):

The compound (XIX) or a reactive derivative at the
carboxyl group thereof is reacted with ammonia in the same
manner as described in the step 3 in Reaction Scheme-I to
give the compound (IV').

The compounds of the formula (IV) wherein r4! is an
alkyl residue of an optically active alcohol are novel
compounds and can be prepared, for example, bylthe process

as shown in the following Reaction Scheme-IV.



Reactjon Schene-1V [err] 3 Steps _
Separation of diastereoners [err] wherein
Rierr], Rlerr], Rerr], Rerr] and Rerr] are as .defined above, and Rl err]

=

- 24 -~

Reaction Scheme-1V

RS R3
, \N_coort + m8on — N n__coor!
4 . Step 1 :
COOR _' COOR8
(V) . (v")
: 0 1 :
R3 /CHZ_'</:—\>‘R .
NN -I:/
— SN 2
3 Ste . o R
Ps
COOR8
COOR®
- (XVIIIY)

'Separation of diastereomers
O gl

) o
7 >3 J xR
RSOl A s S

=COOR8 £ cOORS
COOR® | | COOR®
(XVIII'a) - . (XVIII'b)
! 2 Steps . J 2 Steps

“3\'%,)LN’°”2_</:.>/‘ o Pon e
N | X |
ﬁ?iltoa R2 N}(J§o R2
COOR ' 3 - )

. # COORS
CONH, ' CONH,
(IV'a) (IV'b)

wherein Rl, R2, R3, R? and RS are as defined above, and RS



- 25.- I's an al kyl residue of an optically active al cohol.

Each step in the above Reaction Schenme-1V is carried out as foll ows.

("Step 1): The reaction of the conpound (V) and a compound of the
formyla: [err] (wherein Rlerr] is as defined above) . usual ly carried out
in the presence of a catalyst. The ¢ gﬂyst includes t hose used usual ly
in ester exchange' reaction, for exanpl® sulfuric aci d, benzenesul fonic
acid, p-toluenesulfonic acid sodi um . pot assi um sodi um et hoxi de, and
tetraethyl titanate. The reaction Is usually carried out at a
tenperature of about 25[err]C to about 200[err]C, prefer- ably about
100[err]C to about 200[err]C.  [Conversion of the conmpound (V[err]) into
the conpouniks (26V1d1Ky)l] residue of an optticaldyvecsivae shoolel carried out in
the sane nmanner as described in the steps 1 to 3 in Reaction Schene- 111.
[ Separation of the @Eanbostep( ¥Vl the )abaneo ReachidnaSckhenerdy |is The
compound (XVI11") is obtained as a mxture of two Kinds of diastereoners
in the prec@ﬁﬁ#&f@ﬁﬂﬁi ashifellewdpound can be separated into two kinds of

di astereonmers, i.e. the conmpound (XVIII"a) and the conpound (XVIII'b), by
convent i onal qﬁﬂtkk& such as fractional crystalllzatlon and colunn

o Tt ooraphy. (Pt LoD PSR h! VaT)aBR | Al
' the formula: R8om (wherein R® is as defined above) is
usually carried out in the presence of a catalyst.- ZThe
catalyst includes those used usually in ester exchange
reaction, for exampie, sulfuric acid, benzenesulfonic.acid,
p-toluenesulfonic acid, sodium, potassium, sodium methoxide,
and tetraeéhyl titanate.. The reaction is'usually carried
out at a temperature of about 25°C to abéut 200°¢, prefer-
ab;y about 100°C to about 200°C. .
[Conversion of the compound (V') into the compound (XVIII')]:
_The conversion can be carried out in the same
manner as described in the steps 1 to 3 in Reaction Scheme-
III.
[Separation -of the compound (XVIII') into each diastereomer]):
| The compound (XVIII') is obtained as a mixture of
two kinds of diastereomers in the preceding step. This
compound can'be separated into fwo kinds-of diastereomers,
i.e. the compouﬁd (XVIII'a) and the compound (XVIII‘p), by
conventional metﬁods, such as fractional crystallization and
column chromatography. '
{Production of the compound (IV'a)Iand the compound (IV'b)]:

The conversion of the .compound (XVIII'a) and the



- 26 2 conmpound (XVI11'b) into the conpound (1V a) and the conpound
(I'V'b), respectively, can be carried out in the same manner as descri bed
in the steps 4 and 5 in Reaction Schene-111. . The products
prepafed by the above processes can be isolated and purified by
conventional nethods, such as chronat &§r aphy, recrystallization, or
reprecipitation. The conpounds of the formula (1). wherein R err]
is hydrogen can be converted into the correspondi ng conpounds wherein R3
i s hal ogen by reacting with a hal ogenati ng agent such as a hal ogen (e.g.
chlorine or bromne) or sulfuryl chloride. The reaction is preferably.

ot hane, cif 3}%8?18‘9 FRTESEEbE oS G romBilg TR Hhd ittty
e Bt R R PhepBOLELLLY, Oa iU ol G008 TS J,tcl , i "RARS By al so

be carried out resenc n1nun1ch When t he
compound (ldy deBcpRbel Fhethd s€e |439ﬁx@1 5 !"ﬂ'ﬁé‘aétsldi{ HEH R -IT .
hal ogenati-ng a conpound (I1) in ich R[err] is hydrogen, is used as a

starting conmpound i phEr pe68tct$ PrepdirdByOERE SFdved HricUasEbs ahmibea
position different fromthat of the product obtained by hal ogenation of

the conpousdliakpdi andhpehiRBed sbyyebmrgan iafalemétodx) shmie.as The
hal ogenation of a conpound (I1) in which Rlerr] is hydrogen can be carried

-out in a cmmu@mhmogahphnnneecaxstﬁiﬂmzatnonﬁ@berEnmnﬁdinﬂﬂﬁ&&9n22 and 23 _
herei nafter. ~ The conpounds of the formula (1) can e converted
The compounds of the formula (I) wherein R .1

hydrogen can be converted into the correspondlng compounds
wherein R3 is halogen by reacting with a halogenating agent
such as a halogen (e.g. chlorine or b}dmine) or suifuryl-
chloride. The reaction is preférably carr{ed'out in an
appropriate solvent, such as carbon disulfiae, dichloro-
‘methane, chloroform, l,2-dichloroethane, or dimethyl-

formamide, at a temperature of about -20°C to about 100°C.

The reaction may also be carried out in the.presence of
aluminum chloride.

When the compound (II) in which r3 is halogen,

which is prepared by halogenating a compound (I1) in which
R3 is hydroéen,-is'used as a starting compound in Process

(a), the halogen can be introduced a£ a position different

from that of the product obtained by halogenation of the
compouhd (I) in which R3 is hydrogen as mentioned above.

The halogenation of a compound (II) in.which R3 is hydrogen

can be carried out in a conventional manner as shown in

Reference Examples 22 and 23 hereinafter.

The compounds of the formula (I) can be converted



-27- s into their salts by treating with inorganic or organic bases in
a usual manner. Suitable exanples of the inorganic and organic bases are
hydr oxi des, carbonates or hydrogen carbonates of alkali netal (e.g. sodium
or potassiunm), amoni um hydroxi de, isopropylam ne, diethylam ne,

et hanol am ne, piperidine, and lysine. Thjs reaction is wusually carried out
at a tenperature of about- O[err]C to abut 25[err]C in an appropriate

sol vent. The solvent includes, for exanple, |ower alcohols (e.g. nethanol,
et hanol, 'and i sopropyl alcohol), ethyl acetate, acetonitrile, dioxane,

and toluene, or a m xture thereof. The pharnmacol ogi cal activities
of the conpounds of this invention are illustrated by the foll ow ng

experi ment s,intwhitheinesgl €41 by et &4t i AP wilthe i AEPEASEN K I0(Yan P B4R of
this invention. ~ The follow ng conmpounds were used as a reference

conpound:  in a2 usuaFpadfiest at : St MU0 xanpUest &6 ethd indrigan ieo awayr -
cially avail able in Japan, and ()-Sorbinil: an al dose reductase
i nhi bi t or wesganighbases| armydsoxides, carbonates or hydrogen

6- fl uoro- 2, 3-di hydrospiro[ 4H 1- benzopyran- 4,4'-im dazolidine]-2",5" -dione
[cf. Merck IGigbenates pEpRlkakismetabd®.g. sgétum |onpfbassivmlet ase |

I nhibitory activit in vitro):, This test was carried out
accordi ng t 6"RE: téﬁé#°%ﬁé%1 AeRREePYdaaige digHustanizery. Biol. Chem,
240, 877f ethanolamine, piperidine, and lysine. This reaction is’
usually carried out at a temperature of about- 0°C ?oiabout
25°C in an appropriate solvent. The solvent'includgé, for
example, lower alcohols (e.g. methanol, ethanol, and |
isopropyl alcohol), ethyl acetate, acetonitgile, dioxane,
and toluené, or a mixture thereof.

The pharmacological activities of the cqmpounds of
this invention are illustrated by the following experiments,
which were carried out for the representative compodnds of
this invention.

The following compounds were used as a reference
compound:

: Epalfestat: an aldose reductase inhibitor commer-
cially available in Japan, and

(¥)-Sorbinil: an aldose reéuctase inhibitor whose
chemical name'is 6-fluoro-2,3-dihydrospiro[4H~l—benzopyran—
4,4'-imidaéolidine]-2',5'-dione [cf. Merck Index, 1llth EQd.,
8679 (1989)].

Test 1 Aldose reductase inhibitory activity (in vitro):

This test was carried out aécording to the method

of S. Hayman and J.H. Kinoshita {J. Biol. Chem., 240, 877-



- 28:- 882 (1965)]. Preparation of crude enzyne solution

Lenses isolated from porcine eyes (Tokyo Sibaura Zouki Co., Ltd., Japan)
wer e honmogeni zed with 5 nM phosphate buffer (pH 7.4) containing 2 nv

mer capt oet hanol, and centrifuged at 10,200 g for 10 m nutes. The
supernatant was sequentially precipitiated with amoniumsulfate at 30%
40% and 60% saturation. The precipitate at 60% saturation was dissol ved

i n a honogeni zing buffer and used as a crude enzyne preparation.' The unit
of enzyme activity was defined as the anmobunt of enzyme which oxidized 1
[err]nol es of NADPH m nute under the follow ng assay condition. Enzyne
assay The standard reaction m xture was conposed of 100 mM
phosphat e 8%#% f&36%H 6. 5), 0.2 mM NADPH, 1.5 nM D, L- gl yceral dehyde, 0.4 M

lithiumsul fate, enzyne solytion (7.0 mJnm) and test conpounds at various
concentraéﬂﬁﬂ§ﬂE§HéL—E§aE£E§ﬁJﬂEWmﬁiéﬁﬂ#§—ﬂﬂcubated at 37[err]C and the
decrease in absorhance at 3 as moni.t or ed ect hot onet er

(Hi tachi 150-20). ?ﬁé‘sgﬁﬁﬁ% ?‘f]wrt \ﬁggcéﬁ?cﬁ%%/egr%g% oé A the rate
of decreasi i} 'dae ,ahyabag ﬁg :‘P)‘r’%ie:ae H&%Fubggni’{ed]w U"%. Onr%ps:?h@t gute

after the ‘onset of 't he éfzy eact1on e conce onpounds

required fife fR3%( rl]ﬂﬂnh' 2yt £8AL Qi n /Y YoTamARbE ¥ApYodt Kd 61 ] )as esti mat ed
from graphs of t | og concentration - response curve. The results are

shown in THtdikuged at 10,200 g for 10 minutes. The supernatant was

sequentially precipitated with ammonium sulfate-at-39%, 40%
and 60% saturation. The precipitate at 60% saturation was
dissolved in a homogenizing. buffer and used as a crude

. enzyme prepé:ation."the unit of enzyme activity was defined
as the amodnt of anzyme which oxidized 1 umoiés of

NADPH/minute under the following assay condition.

Enzyme assay
| The standard reaction mixture was composed of iOO
mM phosphate buffer (pH 6.5), 0.2 mM NADPH, 1.5 mM D,L-
glyceraldehyde, 0.4 M lithium sulfate, enzyme solution (7.0
mU/ml) and- test compounds at various concentrgtions. The
reaction mixture was incubated at 37°C, and the decrease in
absorbance at 340 nm was monitored by a spectrophotometer
(Hitachi 150-20). The enzyme éctivity was calculated based
~upon the rate of dec;ease in the absorbance over a period of
1 minute from 1 minute after the onset of the'enzymé
~reaction. The concentration of compounds required for 50%°
inhibition of enzyme acﬁivity (ICgg) was estimated from
graphs of the log céncentration - response curve. The

resulcs are shown in Table 1.



- 29 = Table 1 Al dose reductase inhibitory activity Test

| C50 ([err]) Test | C50 ([err]) conpound

conpound 1* 0. 050 - 13 0.11 2

0. 033: 15 - 0.11 .3 : 0. 099. ' 16

0. 041 4 0.061 . 17 0. 052 - 5. - 0. 031
18 0. 037 6 0.12~ 29 - 19 0. 050 7

0. 033 20 0. 10 8 0. 047 : 22

0. 039 9 0. 080 24 0. 023 10

0.072 26 0. 040 11 0. 052 27 .
0. 035 12 0. 046 Epal r est at 0. 073 ()-Sorbinil 3.8
*) The nunber st n : and for
exanpl e, Tost Barhang oPBe LR AN R R &1 Al test
conpounds in the above table and also the other table her ei nafter are

I ndi cated ipegthe sane way (e M) " fgsghown in i@?ée,y4 t he conpounds of
this i nventompounsd e rena?gably nmore gempdiind han ()=Sorbinil in the al dose

reduct ase i+nhibitory—activity —and nost of them were equipotent to or nore
potent than epal¥estat. 07680 2 Inhibitaxd activitg.bh sor bi t ol

accurmul ation. 5 (ipg. RY0) ! 1 Mal e VV86 rats (200-250 g) were
used in groups of 4 animals each. The Tats were na e diabetic by single
i.v. injectior® of strepPe®88ocin (40 no¥kg) fresh®y04f ssolved in

4 0.061 17 0.052
5 0.031 18 0.037 - -
6 0.12 . 19 0.050
7 0.033 . 20 0.10
8 0.047 ’ 22 0.039
9 0.080 24 0.023
100 0.072 26 0.040
11 0.052 27 0.035
12 . 0.046
Epalrestat 0.073 ()-Sorbinil 3.8

*) The numbers of test compounds correspond to the
Example Nos., and for example, Test compound 1 is the
compound obtained in Example 1. All test compounds in the
above table and also the other table hereinafter are
indicated in the same way.

.As shown in Table 1, the compounds of this
invention were remarkably more potent than (*)-sorbinil in
the aldose reductase inhibitory activity, and most of them
were equipotent to or more potent than epalrestat.

Test 2 Inhibitory activity on sorbitol accumulation
(in vivo):
Male Wistar rats (200-250 q) were used in groups of

4 animzls each. 'The rats were made diabetic by single i.v.

injection of streptozotocin (40 mg/kg) freshly dissolved in
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- 30 - physi ol ogi cal ‘saline. From one week after the
.induction of diabetes, the rats were orally given test conmpounds,
suspended in 0.5% tragacanth solution, once a day for 5 days. The sciatic
nerves were isolated fromthe rats 4 hours after the final .adm nistration,
and sorbitol contents in the nerve tisues were determ ned by the
enzymati c fluorospectrophotonetric nethod of RS, Cenent et al. [Science,
166, 1007-1008 (1969)] using sorbitol dehydrogenase from sheep |liver as an
enzyne preparation. The activity of test conpounds was expressed as the

i nhi bition percent of sorbitol accunulation at given doses, which was

cal cul ated according to the follow ng equation. Inhibition %= (S -
T/ (S - NPhyapplogical sal&pebitol content in sciatic nerve from diabetic
control T: Sqrbitol content sciatic nerve fro bet i Jats

gi ven test compoundgom one KFEkS%’F‘E)‘?rt dzl(i1 cbﬁ%‘éﬁp?ﬂ %% ﬁ%ea‘n rvgt RS om
normal rats

- 31 - ratng% °£aleﬁﬂi§$#L£§5€é§m§E@y 3h 20 gEéfh%daccunulatlon

tragacanth solution, once a day for S days. The sciatic
nerves were isolated from the rats 4 hours after the final
' adminiStration; énd sorbitol contents in the nerve.tissueé.
were determined by the enzymatic fluqtospecttophotom?tric
' method'of R.S. Clement et al. [Science, 166, 1007-1008
{1969)]) using sorbitol dehydrogénase from sheep liver as an
~enzyme preparation. The.activity of test compounds.was
expressed as the inhibition percent of sorﬁit61 accumulation
at given doses, which was calculated aécording t9 the
following equation.
Inhibition % = (S - T)/(S - N) x 100
S: Sorbitcl content in sciatic nerve from diabetic
control
T: Sorbitol content in sciatic nerve from diabetic
rats given test compounds
N: Sorbitol content in sciatic nerve from normal rats.

The results are shown in Table 2.



Test £onpound Dose (ng/kg/day) I nhibition (% 1

30 7 -114. 6 ' 1.0
104.7 2 30. 97.1
3.0 30.5 3 30
69. 1 4 _ 10 _ 33 - 73.5
1.0 47. 2 5 30
99. 4 3.0 44,2 6
30 '  b55.8 - 7 30
104. 6 3.0 . 69. 7 8
3.0 104. 7 10 30
98.0 Table 2 Inhibitory adtfvity on sorbitol ad8uBulation 11
30 65. 8 ' 15 : 30
102. 2 . —F—4 16
1.0 Test compowd 0 Dose Q@g/kg/day) Inhibijtgon (%)
107. 3 ' -3 - 776 24
30 1 111.8 30 111:@ -
70.9 Epal r est at 200%-0 04 (+) - Sor bi ni
30 - 2 106.9 .
60. 7 As shown in Tabf , the conpounds %Z the pr esent
i nvention were renarkably nore poteht than epalrestat
- 32 - 3 30 69.1
1 10 | 73.5
' : 1.0 47.2
5 : ~30. 99.4
3.0 . - 44,2
& . . | 30 _ 55.8
7 30 104.6
3.0 69.7
8 3.0 104.7
10 30 -~ 98.0
- 3.0 33.3
11 30 65.8
15 | 30 | 102.2
3.0 7.4
16 : 1.0 . 61.0
22 1.0 107.3
0.3 : 77.6
24 30 111.8
' 1.0 70.9
Epalrestat | 200 5.7
(%x)-Sorbinil 30 . 106.9

3.0 60.7

ks shown in Table 2, the compounds of the present

. invention were remarkably more potent than epalrestat in



i nhi bitory activity on sorbitol accumul ati on. The compounds of Exanples 1,
4, 5, 7, 8, 16, 22 and 24 were equipotent to or nore potent than
()-sorbinil. Further, the effect of the conpounds of Exanples. 1 (21) and
22 was long-lasting. Test 3 Acute toxicity: o Mal e ddY m ce (18-25
g) Wwere used in groups of 5 aninals _eagh. The conpounds of Exanples 1 (21)
and 22, suspended in 0.5%tragacanth solution, were orally adm nistered
at a dose of |..g/kg to the animals. The nortality was observed for 7
days after the.admnistration. None of the mce died during this period.
As is clear fromthe above experinental results, the conmpounds of the
formula (1) have excellent aldose reductase inhibitory activity with |ess
toxicity, dmhibénoey adthiess oy eonuseinditad accogelatiay. t fbgt cARPENBBSL i C
conpli- cations. They can be used in the prevention and treatnment of
various co®fl Esampbess lasshcist b it H6di 2BeaBd He|WareyIUiRORBRFRFS

I ncl udi ng hunman bei ng, such as cataract,, retino- at hy, rat opat hy,
neur opat hy 9 PREPHPRRftthythan (i)“soerHélconBﬁUHH?RoﬁhFhE%?ﬁsgngﬁon can be

adm ni stere by an oute, such as oral .route,. parentera ' , Intra-
rectal " routt&€ 6%‘“?% ‘{,salm:rcﬁl ,Pqtﬁﬁ lpr(g‘flérﬁﬁby.z%yw%r §1°%9011']j égykghe clini cal
dose of the ¢ ou dst oftc;t he .itnv.ent lon may vary in accordance with, for
exanpl e, tﬁ@§gﬂgds ) %he’gﬁﬁpéﬁnds, adm ni stration routes, severity of

1SRy BB Sy WIRE U ) Y ey g Voot e snoe o
animals each. The compounds of Examples 1 (21) anq ?2, '
suspended in 0.5% tragacanth solution, were orally
administered at a dose of 1.g/kg to the animals. The

. mortality was observed for 7.days after the .administration.
_None of the mice died during this period.

A§ is clear from the above expefimental results,
the compounds of the formula (I) have excellent aldose~~
reductése inhibitory activity with less toxicity, and hence,
fhey are useful as-an agent for treating diabetic compli-
cations. They can be used in the prevention and treatment
of various complications associgfed with diabetes mellitus
in mammals including human being, such as cataract, retino-
pathy, keratopathy, nedropathy or nephropathy.

The compounds of the invention can be administered
by any route, such as oral route, parentera} route, intra-
rectal route, or topical route, but preferably by oral route.
The clinical dose of the compounds of the invention may vary
in accordance with, for example, the kinds of the compounas,
administrafion routes, severity of the diseases, and ages.of
the patients, but is usually in the range of 0.0l to 20

mg/kg/day, preferably 0.05 to 10 mg/kg/day, in human.



- 33+ The conpounds of the invention are usually

adnmini stered to patients in the formof a pharmaceutical conposition which
contains-a non-toxic and effective anount of the conpounds. The
phar.maceutical conposition is usually prepared by -adm xing the active
conpounds wi th conventional pharmaceutically acceptable carriers or

di luents which are unreactive with theéacdtive conpounds. _

Sui tabl e exanples of the carrier and diluent are |actose, glucose,
manni tol ,,dextrin, starch, sucrose, nmagnesium al um nonetasilicate,
synthetic alumnumsilicate, crystalline cellulose, carboxynethylcellul ose
sodi um = hydroxypropyl starch, carboxynethylcellul ose calcium i1ion exchange

resin, methylcell ul o Gfpauhls MR aivent 1By ogvaLopyl pel | ul ose, | ow
substituted hydroxypropyl -~ cellul ose, hydroxypropyl nethyl cell ul ose,

pol yvi nyl - adwimisddedesde top@ayVeAys Bl adeOlforhi hta gy ehsesuSiddci c  acid,
magnesi um stearate, talc, carboxylvinyl polynmer, titanium oxide, sorbitan
fatty aci d cesiperss,tisodiwhichacoytaimsld aoa-tgkyceind, e fif dceive dndunt aci d
esters, purified lanolin, glycerogelatin, polysorbate, nacrogol, vegetable
oiI's, wax, 9fi died gempounds,. wWBhe eplpatmagieat dioal noonpos Tt i risactsamldy

propyl ene glycol, and water. _ The pharnaceutical conposition may
be in the PFERFsedk Synpdmiringethe actiyel compoundswith meantentionalups,
suspensi ons, suppositories, ointnments, gels, adhesive preparations,
injectionsPqﬁFm%ﬁﬁPﬁ&Fﬁ#&YsBFE?PQ#E%E cpRgsders or diluents which are

unreactive with the active coﬁpounds.

Suitable examples of the carrier and diluent are
lactose, glucose, ﬁannitol,,dextrin, starch, sucrose,
magneéium aluminometasilicate, synthetic aluminum silicate,
'crystalliné cellulose, carboxymethylcellulése sodium,
hydroxypropylstarch, cﬁrboxymethylcellulose calcium, ion
exchange resin, methylcellulose, gelatin, gum arébic,
hydroxypropylcellulose, low substituted hydroxypropyi—
cellulose, hydroxypropylmethylcellulose, polyvinyl-
pyrrolidone, polyvinyl alcohol, light anhydrous silicic
acid, magnesiﬁm stearate, talc, carboxylvinyl polymer,
titan;um'oxide, sorbitan fatty acid esters, sodium lauryl
sulfate, glycerin, giycerin fatty acid esters, purified
lanolin, glycerogelatin, polysorbate: macrogol, vegetable
oils; wax, liquid péraffin, white petrolatum, nonionic
surfactants, propylene glycol, and water.

The pharmaceutical composition may be in the dosage
form'of tablets, capsules, granules, powders, syrups,
suspensions, suppositories, ointments, gels, adhesive

preparations, injections, or ophthalmic solutions. These
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any .ot her appropriate vehicle when

preparations can be prepared in a conventional manner. The
liqhid preparation may be in the formof a solid preparation
into |iquid when used, that is, it is dissolved or suspended in water or
used. The tablets and granules nmay be

coated with a conventional coating qggﬂt In a usual manner.

These pharnmaceutical conposition may c

convertible

ain the conpound of the invention

in an anount of 0.01 % by weight or nore, preferably 1 to 70 % by wei ght,

based upon

the . whol e wei ght of the conposition. These conpositions may

further contain one or nore other pharmaceutically active ingredients -such
as oral hypoglycem c agent. "The pharnmaceuti cal conposition

cont ai Ni Ng HepaAat@6hkVEah NGPE Gk &5H r dd16i £ @ITROHGEN Bforidle niamvet.i Orheui t abl e

for the prevention or treatnent of diabetic conplications my be

t oget her w
gliclazide,
sodi um
fol |l owi ng

el enentary

ltihﬁuiiﬂs Bkbpagat 26N MdPese aimltHey foghycknd coldgemrepachtion
glibencl am de, tol butam de, acetohexanm de, or glyndine

convertibXanphes liquid wherThised.nebatiisy iig iilsl ddssal¥@dpy t he
Exanpl es and Reference Exanples, but should not be construed
be i nited dtheuependefinin heaeerxanpny othes epRpeRIiiELe Wehd clgeHPERi ed by

anal ysis, mass spectrum IR spectrum NM% S eg}run] hi gh
%9 piEn a

per f or mancaisedqui @hehtabhebs and HAPYLGL @RYaRE $PRF

conventional coating agent in a usual manner.

These pharmaceutical composition may contgie the
compound of the invention in an amount of 0.0l % by weight
or more, preferably 1 to.70-% by weight, based upon the
whole.ﬁeight of the.composition. These compqsitions may
further contain one or more other pharmaceutically active
ingredients such as oral hypoglycemié agent.
| The pharmaceutical composition containing as an
active ingredient the compound of the invention suitable for
the prevention or treatment of diabetic complications may be
used togéther with insulin or any other oral hypoglycemic
agent such as gliclazide, glibenclamide, tolbutamide,
acetohexamide, or glymidine sodium.

Examples |

This invention is illustratéd By the following
Examples and Reference Examples, but should not be construed
to be limited thereto; In these examples, the compounds
were identified by elementary analysis, mass spectrum, IR
spectrum, NMR spectrum, high performance liguid chromato-

graphy (HPLC) and the like.

used

to



35 = Example 1 Preparati on of 2-(4-brono-2- quorobenzyI)
[1, 2, 3, 4-tetrahydropyrrol o[ 1, 2- a] pyr azi ne- 4- spiro-3' -

pyrrolldlne] 1,2',3,5 -tetrone: A m xture of
2-eLh0xycarbonyI-2-(2-trich|or0§c§ yl- pyrrol-1- yI)SUCC|n|n1de (14.8 g),
4- br ono- 2-f | uor obenzyl - am ne hydrochl oride (10.2 g) .and triethylam ne

(9,0. g, 12.3 ) in anhydrous dinethylformam de (150 m.) was stirred at
25[err]C for 20 hours. The reaction m xture was. poured into 5%
hydrochloric acid and extracted with ethyl acetate. The extracts were
dried over anhydrous sodium sulfate and concentrated under reduced
pressure. The residue was chromatographed on silica gel using chloroform
as the eluent. Fractions containing the title conpound were pool ed and
evaporatedgygﬁgierfduced pressure. The residue was recrystallized from
et hyl acetatrefm-trexane to give the title conpound (6.5 g, 43.6% as

colorl ess crystal-s, alyd-sleB [ 1d-C4-b -2-f1udPébSPapL yUm
(DVEO dlerr] 200 Moy Pracson o g ~Bromo- 2 £1uoN SR 00 (dd. 2H

321.0 He, [115203J‘&—tetﬁlﬁry‘&r)opﬁr@o[ﬁ.ddralﬂra]z-ﬂmél-ﬂspﬁr&-.ﬂzﬂ pyrrole-H,
7.12 (dd, 1H, J=3.8 Hz, 1.4 Hz, pyrrole-H), 7.14 (t, 1H J=8.2 Hz, Ar-H),
7.36 (dd,pybrrollixBinke H4 , ZZ.G,Hr t&mfu%e 7.54 (dd, 1H, J=9.8 Hz, 2. 0 Hz,
Ar-H, 7.72 (dd, 1H, J=2.6 Hz, 1.6 Hz, pyrrole-H), 12.18 (s, 1H, NH)
I R spectrum (KBr, crjf arinjtire3260 2-e8hagycdRy1F720( 2-trichloroacetyl-
pyrrol-li-yl)succinimide (14.8 g), 4-bromo~2—fluofobenzy1-
amine hydrochloride (10.2 q) an& triethylamine (S,d,g, 12.3
ml) in anhydrous diméthylformamide (150 ml) was stirred at
25°C for 20 hours. The reaction mixture wag.pourgd into 5%
hydrochloric acid and extréﬁted~with ethyl acétaﬁei' The
extracts were dried -over anhydrous sodium sulfate and
“concentrated under reduced preésuré. The residue was .
chromatographed on silica gel using chloroform as the
eluent. Fractioné containing the title coﬁpound were
‘ pooled.and evaporated under reduced pressure.  The residue
was recrystallized from ethyl acetate/n-hexane to give the
title compound (6.5 9,143.6%) as colorless.crystals,
mp 192 193C .
NMR spectrum (DMSO-d¢ , 200 MHz): & 3.56 (s, 2H,
-CH. CO-), 5.00 (dd, 2H, J=21.0 Hz, '15.0 Hz, -%_-Ar), 6.52
(ad, 1H, J=4.0 Hz, 2.8 Hz, pyrrole-H), 7.12 (44, 1H, J=3.8
Hz, 1.4 Hz, pyrréle-_r_l), 7.14 (t, 1H, J=8.2 Hz, Ar-H), 7.36
(dd, 1H, J=8.4 Hz, 2.0 Hz, Ar-H), 7.54 (dd, 1H, J=9.8 Hz,
2.0 Hz, Ar-H), 7.72 (dd4, 1&, J=2.6 H:z, 1.6 Hz, éyrrole-g_).
12.18 (s, 1H, NH).

IR spectrum (KBr, cm™*!): 3230 , 3120, 1785, 1720,



- 36. - 1700, 1650, 1330, 1320. Exanple 2 Preparati on of
2- (2-chl orobenzyl)-[1, 2,3,4- : )
tetrahydropyrrol o[ 1, 2-a] pyrazi ne-4-spiro-3' -pyrrolidine]-

1,2' ;3,5 -tetrone: A m xture of

2- €t hoxycar bonyl - 2-(2-trichl oroacefgyl-- pyrrol-1-yl)succinimde (2.4 g),
‘2-chl orobenzylam ne (1.1 g) and tricethylamne (1.3 g, 1.8 nl) - -in anhydrous
dimrethylform amde (15 nl) was stirred at 25[err]C for 20 hours. The
reaction mxture was poured into 5% hydrochloric acid and extracted with
ethyl acetate. The extracts were dried over anhydrous sodi um sulfate and
concentrated under reduced pressure. The residue was chromat ographed on
silica gel wusing chloroformas the eluent. Fractions containing the title
conmpound were pool ed and evaporated under reduced -‘pressure. The residue
was recrysfiabbi zedsbr onssohyh32acetat e/ n-hexane to give the title conpound
(0.96 g, 45.7% as colorless crystals, np 156-158[err]C. Exanples 3 to 18
The fol | onErgmpdap@unds |isted in Table 3 were prepared in substantially

t he same manner as described in Exanple 2, using the correspondi ng am ne
in place of 2-- chl oPoepazgtiannefi A- Batiplaropenaildr [le@r@stial | i zati on

fromethyl acetate/n-hexane, all conpounds were obtained as. _.
tetrahydropyrrolofil,2-alpyrazine-4-spiro-3*-pyrrolidinel-

i,2',3,5'-tetrone:

A mixture of 2-ethoxycarbonyl-2-(2-trichloroacetyl-
pyrrol-l-yl)succinimide (2.4 g), 2—chlorobenzy1aminé (1.1 g)
and triethylamine (1.3 g, 1.8 ml) in anhydrous dimethylform-
amide (15 ml) was stirred at 25C for 20 hours. The
reaction mixture was poureé into 5% hydrocplbric acid and
extracted with ethyl acetate. The extracts were dried over
anhydrous §5dium sulfate and concentrated under reduced
pressure. - The regidue was chromatographed on silica gel
using chloroform as the eluent. Fractions containing the
title csmpound were pooled and evaporated under reduéed
pressure. The residue was recrystallized from ethyl
écetate/n-hexane ﬁo give the title compound (0.96 .9, 45.7%)
as colorless.crystals; mp 156-158T . '

Examples 3 to 18

The following compounds listed in Table 3 were
prepared in sﬁbstantially the same manner as described in
Example 2, using the corresponding amine in place of 2-
chlorobenzylamine in Example 2. After recrystallizatioﬂ
from ethyl acetate/thexané, all comﬁounds wefe obtained as

colorless crystals.



. colorless crystals.

- Table 3

2 3 [err] Exanpl e R[err]'
Rl err] ~ Melting Point ([err]C) 3 H H.
157 - 159 4 2-F . -37- H 166 -168 5
3-d H 161 -163 6 4-F H
189 -190 7 4-Cl H 195 -198 '8
4- Br - H 158 -160 9 4-CF[err] H
182 -183.5 10 . 2-F 4-F. 221.5-223 11
4-CH err} - H 154 -158 12 4-OCH err] H
184 -185 13 3-OCH err] 4-OCH err] 191 -193 .
14 2.Q3d §rrl . 4-OCHerr] 166 -168 15.
4-Nd err] Tap1d 3 211.5-213 (dec.) 16 2-F
4-C . 196 -199 : -
2 3 i
o7
~ N e f e .
\ N . 6 25
| o R
o)
NH
(o)
Example R? R? Melting pPoint (€ )
3 H H 157 -159°
4 2-F H 166 -168
5 3-C1 H 161 -163
6 4-F H 189 -190
7 4-C1 B 195 -198
8 4-Br H 158 -160
9 4-CF, H 182 -183.5
10 2-F 4-F 321.5-223
11 4-CH, H 154 -158
12 4-0CH, H 184 =-185
13 3-0CH; 4-0CH, 191 -193
14 2-0CH; 4-OCH, 166 -168
15 4-NO, H 211.5-213 (dec.)
16 2-F 4-C1 196 -199
17 2-Br H 226 -229
18 3-Br B 152 -153




17

H 226 -229 18 3-Br

2- Br
H -~ 152 -153 - 38 -
Exanpl e 19 Preparation of 2-(4- br oro- 2- f1 uorobenzyl)-7-

chloro-[1, 2, 3, 4-tetrahydropyrrol of
3 spyrrolidine]-1,2",3,5 -tetroner 3

2- a] pyrazi ne-4-spiro-
- A m xture of.

.2-(4-chloro-2-trichloroacetyl pyrrol - 1-yr)-2-ethoxycarbonyléﬁccininide
1 9), 4-bronp-2- fluorobenzylanm ne hydrochloride (1.5 g) and

(2.
tri

et hyl ami ne

(1.9 g, 2.6 nm) in anhydrous dinethylfornmanide (30 nl) was

stirred at 25[err]C for 20 hours. The reaction mxture was treated in
substantial |y  the same manner as described in Exanple 2. The product was
recrystallized fromethyl acetate/n-hexane to give the title conpound (1.2

52. 2% EQQEEggoibess crystals, np 227-229. Exanple 20

Preparatl
[1,2,3,4- tetrahydropyf €£p££lgna&pyiﬂ(auberoﬁ.osrzt-mu%mbenzyl) —7-

pyrrolldlne] 1,2,

- 2- (4~ br.ono- 2-f| uor obenzyl ) -

etrone: A m xture of

2- (4- brOnncﬂlbibﬁhipﬁPﬁPEIUéQW£H§Hr0p Woi3-,ot-Bgpyearhaeyssepsrei-n de (2.1

9),

4- br ono- 2-

fl uor obenzyl am ne hy rochl ori de (1.3 g) and triethylam ne

(1.6 9, 2.2'mApyrirolbaiye)ous2u)3Es Mildtaoneyi de (30 m) was stirred at
25[err] C for 20 hours. The reaction m xture was

1-y1)

A mixture of 2 (4-chloro-2- trlchloroacetylpyrrol—

-2-ethoxycarbonylsuccinimide (2.1 g), 4-bromo-2-
fluorobenzylamine hydrochloride (1.5 g) and trietﬁyiamine
(1.9 g, 2.6 ml) in anhydrous dimethylformamidé (30 ml) was
stirred at 25T for 20 hours. The reaction mixture was
treated 'in substantially the same manner as described in
Example 2. The product was recryséallized from ethyl
acetate/n—hexéne_to give the title compound (1.2 g, 5?:2%)
as colérless crystals, mp 227f229% .

Example 20

Preparation of 7-bromo-2-{4-bromo-2-fluorobenzyl)- -
[1,2,3,4~-tetrahydropyrrololl,2-a)pyrazine-4-spiro-3"'-
pyrrolidinel)-1,2',3,5'-tetrone:

A mixture of 2-(4-bromo-2-trichloroacetylpyrrol-

. 1—y1)-2-ethoxycarbonylsuccinimiée (2.1 g)., 4-brom042f

fluorobénzylaming hydrochloride (1.3 g) and t;iethylamine
(1.6 g, 2.2 m1) in anhydrous dimethylformamide (30 ml) was
stirred at 25C for 20 hours. The reaction mixture was
treated in substantially the same manner as described in
Example 2. The product was recrystailized from ethyl

acetate/n-hexane to givé the title compound (1.2 g, 52.2%)

as colorless crystals, mp 112-114%C .



treated in substantially the sane manner as described in Exanple 2. The
product was recrystallized fromethyl acetate/n-hexane to give the title
conpound (1.2 g, 52.2% as colorless crystals, np 112-114[err]C.

- 39 = Exanpl e 21 Preparation of.

2- (4- brono- 2-fl uor obenzyl) - - 39 -

[1, 2,3, 4-tetrahydropyrrol o[ 1, 2-a] pyrazi ne-4-spiro-3'- ) :
pyrrolidine]-1,2',3,5 -tetrone (the sane conpound as t hat of Exanple 1): .
A stirred solution of 2-(4-brono-2-fluorobenzyl)-

4- car banoyl net hyl - 1, 3-di oxo-1, 2, 3, 4-t et rahydr opyrr ol o-

[ 1, 2-a] pyrazi ne-4-carboxylic acid ethyl ester (1.9 g) in anhydr ous

di met hyl formam de (15 m) was cooled to -20[err]C, and then sodi um
hydri de (6§ggg§§gpgiion in mneral oil, 0.29 g) was added portionw se.
The resultkﬁg—#¥xfﬂ+e was stirred at -20[err]C for 15 m nutes, poured

I nto 5% hydrochloric f3?9L9t13 quxﬁLﬁgLfgoM%l ‘fﬁ&ggqﬁgﬁgy’BQ' The extracts
a a

wer e dri ed over anhydrous sodi um su e and concentr under reduced

pressure. Theg 2r,3$i4duét$@§%§?619§'?{-896 PNS0a PPy raSidd S flr 4131109

chl orof or mf met hanol (500:1) as the el uent. Fractions“containing the title
conpound weyerpdaletedrl, 2' £YAPOFBé Lo JEENd Sl G dipRuRid @s EhgLr esi due

was recrystallized.fromethyl acetate/n-hexane to give the title
conpound (©0f6EgampDe0q:as col orless crystals, np 192-193[err]C
A stirred solution of 2-(4-bromo-2-fluorobenzyl)-
4—carbamoy1methy1-1,3—dioxo-1,2,3,4—tetrahydropyfﬁoio- ‘
[1,2-a]pyrazine-4-carboxylic& acid ethyl ester (1.9 g) in
anhydrous dimethylformamidée (;5 ml) was cooled to -20C ,
and then sodium hydfide (65% dispersion in mineral oil, 0.29
g) was added portionwise. The resulting m;xture was
stirred at -20C fqr 15 minutes, poured into 5% hydrochloric
acid, and extracted with ethyl acetate. . The_extraéts.were
dried over anhydrous sodium sulfate and concentrated under
reduced Pressure. The residue was chromatographed on
silicg gel using chloroform/methanol (500:1) as the eluent.
Fractions containing the title compound were'pooled and
evaporaﬁed under ;educed pressure. The residue was
recrystallized from ethyl acetate/n-hexane to give the title
compound (0.6 g, 40.0%) as colorless crystals, ﬁp i92—1931>.
Example 22
| Preparation of an éﬁantiome; of 2-(4-bromo-2-
_fluorobenzyl)—[1,2,3,4—tétrahydropyrrblo{1,2-;]py;azine44_
spiro—3'—pyrrolidine]—l,Z';3,5'—tetr6ne (Enantiomer A of
compound of Example 1 or 21):

A stirred solution of 2-(4-bromo-2-fluorobenzyl)-



Exanple 22 Preparation of ‘an enantioner of 2-(4-brono-2-

fl uorobenzyl)-[1, 2,3, 4- t et rahydropyrrol o[ 1, 2- a] pyr azi ne- 4-

spiro-3' - pyrrolldlne] 1,2",3,5 -tetrone (Enantioner A of conpound of
Exanple 1 or 21): A stirred sol ution of

2- (‘4- br ono-2- f | uor obenzyl ) - - 40 - : - 40-

4- car banoyl net hyl -1, 3-di oxo-1, 2, 3, 4-tetrahydr opyrrol o- T

[ 1, 2-a] pyrazi ne-4-carboxylic acid (-)-nmenthyl ester (Diastereoner A) (26.7
g) in anhydrous tetrahydrofuran (120 nl) was cooled to -78[err]C, and then
lithiumbis(trimethyl- silyl)amde (1 Msolution in tetrahydrofuran, 93
"m) was added. dropw se over a 7 ninute peri-od, while a stream of ~argon
was passed over the m xture. The resulting m xture was stjrred at

ol ut 1 on, ‘aerapeierH Ry i L D - R BT RRR I 0 O
et hyl acegqt ?Tgﬁraﬁiﬁé-aftcsa%a%i’%cf%&“(w ﬁg},gf‘?iegs@gyeous sodi um

chloride "Solu ed over ous sodi'um sultate, and concentrated

under 1 edypeds DL eeahE:S A e d eﬁl%ﬁﬁnﬁ}bﬁg&&egmﬂwﬁo@@rﬁ | {20 gel

usi ng chl orofo nethanol (200: | uent Fractions containing the

title COHWW&‘SV‘&E@IGKH)(H@CLW L\aipreied 190Heam! Boscesimsep e.  The
resi due was recrystallized fron1ethy| acetate/n-hexane to give the title

conpound £i#y9)gmide. Q%M ao1adivi &6 tetrahydrofuran, 93 ml) was

added. dropwise over a 7 minute period, while a stream of
argon was passed'évei the mixture. The resulting @igture
was stirred at -78C for 5 minutes, poured into a cold
agueous anmonium chloride solution, acidified with dilute
hydrochlorig acid, and extracted with ethyliacetate. ihe
extracts were washed with saturated agueous sodium chloride
solution, dried over'anhydréus sodium sulfate, and
concentrated under reduced pressure. The residue was
chromatographed on.silic& gel using chloroform/methanol

- (200:1) as the eluent. Fractions containing the ﬁigle
compound were pooled and evaporated under reduced pressure.
The residue was recrysﬁallized ffom'ethyl acetate/n-hexane
to give the title compound (14.0 g, 72.2%) as colorless
crystals, mp 187-189%C . '

The enantiomeric puritj was determined by

analytical HPLC, on ULTRON ES-OVM 6¢ x 150 mm kshihwa kakoh,

Japan) and was found to be greater than 99%.
27.5

TR = +1.96° (c=1.02, ethyl acetate);
[d.]o = -Z.G’ (cii.oz, methanol);
28

e Jios = =33.0° (c=1.02, methanol).



crystals, np 187-189[err] C The enantioneric purity was
detérm ned by analytical HPLC, on ULTRON ES-OVM 6[err] x 150 nm ( Shi nwa

kakoh, Japan) and was found to be greater than 99% [err]
= 1. @6[err] (c=1.02, ethyl acetate); [a ][err] = -7. 6lerr]
(c=1.02, nethanol); - kgl kerr] -33.0[err] (c=1.0.2, nethanol).
- 41 - " Exanpl e 23 Preparation of an enantloner of

2- (4-brono- 2- quorobenzyI)-[1,2,3 4-tetrahydropyrrol o[ 1, 2- a] pyr azi ne-4-
spiro-3' -pyrrolidine]-1,2",3,5 -tetrone (Enanti onmer B of conpound of
Exanple 1 or 21): The procedure of Exanple 22 was repeated
except that 2-(4-brono-2-fluorobenzyl)-4-carbanoyl net hyl -1, 3-di oxo-

1, 2, 3; 4-tetrahydropyrrol o[ 1, 2-a] pyrazi ne-4-carboxylic acid (-)-nenthyl
ester (D astereoner B) (22.2 g) was used in place of the corresponding
Di ast er eorfi%anplerids title conpound (11.3 g, 69.79@ was obt ai ned as

colorl ess crystals, 187- 189%err% recr stallized,frometh
acet at e/ n- hexane) . PreparatlonT éRafi PBH% PRL Pt i y(ﬁagr?mﬁ T ned by

anal yti.cal_HPLC, - on TREN E 6 err and was , found to
be g¥eateﬁ¥: QH 2,3, 2% egrﬁ§§3f° 4%9[% o33 RS 4cet ate) :
[a Jlerr] ébiﬁ%- er&kr@il%lnei—gg5h?99g)—tetrone (Enantiomer B of

compound of Example 1 or 21):

The procedure of Example 22 was repeated except
that 2—(4-bf6mo—2—fluorobenzyl)—4—carbamoy1methy1{;é3-dioxo-
1,2,3,4-tetrahydr0pyrr610[1,2-a]pyfazine-4-barboxylic acid
( )-menthyl ester (Diastereomer B) (22.2 g) was used in
place of the corresponding Diastereomer A. The title
éompound (11.3 g, 69.7%) was obtained as cdlorless crystals,
mp 187~ ~189C (recrystallized from ethyl acetate/n—hexane)

The enantiomeric purity was determlned by |
analytical HPLC, on ULTRON ES-OVM column 6¢ x 150 mm and was

found to be greater than 99%.

[a ﬁ7 -5 = -1.67° (c=1.02, ethyl acgtate);
[« ]n ='+6.1° (c=1.02, methanol);

[« ]cos = +33.2° (c=1.02, methanol).
Example 24

Preparation of 2-(3,4-dichlorobenzyl)-{1,2,3,4~
tetrahydropyrroloTl,2-a]pyrazine-4-spiro-3'-Pfrroli@ine]?
1,2',3,5'~tetrone:- ' .

. The procedure of Example 21 Qas_repeated except
that 4—carbamoylmethy1—2—(374—dicﬁlorbbenzyl5-1,3—dioko-
1,2,3,4—tetrahjdropyrrolo[1,2—a]pyraiine-4—¢arboxy1ic acid

benzyl ester was used in place of 2-(4-bromo-2- 1



= +33. 2[err] (c=1.02, nethanol). Exanple 24 Preparation of
2-(3,4-dichlorobenzyl)-[1,2,3, 4- '

t et rahydropyrrol o[ 1, 2-a] pyrazi ne-4-spiro-3' -pyrrolidine]-

1,2' ,3,5 -tetrone: The_ pl{é)c_edure of Exanple 21 was repeated
except that 4-carbanoyl net hyl - 2-(374-di chl or obenzyl ) -1, 3-di oxo- _
1,2, 3,4-tetrahydropyrrol o[ |, 2-a] pyrazi ne-4-carboxylic acid benzyl ester

was used in place of 2-(4-brono-2- ' - 42 -

fl uorobenzyl) - 4- car banoyl net hyl - 1, 3- di oxo-1, 2, 3, 4-
tetrahydropyrrol o[ 1, 2-a] pyrazi ne-4-carboxylic acid ethyl ester. The title
conpound was obtained as col orl ess crystals, np 221-223[err]C
(recrystallized fromethyl acetatel/n- hexane). Exanpl e 25

Pr epar at i onfdhoGobenapl P-{Zeaib aiopbneyhyi-1,3-dioxo-1,2,3,4-
[1, 2,3, 4-tetrahydropyrrol o[.1, 2-a] pyrazi ne-4-spiro-3'-
pyrrolidi nefetrahy@répyteoimiie; 2-alpyrazinefo-cardoxyldd sofidt bhydf
2-(2-chlobrobenzyl)- [1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazine-4-spiro-3'-
pyrrolidi nefStep. 3The titlomonmownd)vwis ditiainedoem c8d0rArFSwas added
portionw se anh%drous al um num.chloride (0.93 g) at 25 err%C . followed by
dropwi se adSFYFERLI®F BP FRATIHC reqrushail izedadrgp eEhEA| 8FEERFR{P2 ).
The resultiﬂg nifture was stirred at 25[err]C for 15 hours, poured into
i Ce_ xane . ) . :
' Example 25
Preparation of 6-bromo-2-(2-chlorobenzyl)=
{1,2,3,4-tetrahydropyrrolo{1l,2-alpyrazine-4-spiro-3'-
PYrrolidinel-1,2',3,5"'-tetrone:
~To a stirred solution of 2-(2-chlorobenzyl)-
[1.2,3,4-tetrahydropyrrolo[1,2—a]pyrazine;4—spiro-3'?
PYrrolidine}-1,2',3,5'-tetrone (0.5 g) in chloroform (80
ml) was added portionwise anhydrous alumihum chloridé‘(0.93
9) at 25C , followed by dropwise addition of a solution of
bromine (0.48 g) in chloroform (4 ml). The resulting
mixture was stirred at 25C for. 15 hours, poured into ice-
water, and extracted with chloroform. The extracts were
drieq over sodium sulfate and concentrated under reduced
Pressure. The residue was applied to a medium pressure
column chromatography on Diaion CHP-20P (tradgmark) [high
porous polymer (75-150 & m); Mitsubishi Kasei Corp., Japan],
using 61% acetonitrile as the .eluent. Fractions containing
the tiﬁle compound were pooled and evaporated under reddced
Pressure. The residue was recrystallized from ‘ethyl

acetate/n-hexane to give the title compound (0.37 g, 60.7%)

as colorless crystals, mp 201-203C .



wat e, and extracted with chloroform The extracts were dried over sodium
sulfate and-concentrated under reduced pressure. The residue was applied

. to a medium pressure colum chromatography on Diai on CHP-20P (trademark)
[high porous pol ymer (75-150 [err]); Mtsubishi Kasei Corp., Japan],
u5|ng 61% acetonitrile as the eluesg .- Fractions containing the title
conpound were pool ed and evaporated under reduced pressure. The residue
was recrystallized fromethyl acetate/n-hexane to give the title conpound
(0.37 g, 60.7% as colorless crystals, np 201-203t

43 .-

. Exanpl e 26 Preparatlon of -
6 br ono- 2- (4- br ono- 2-f 1 uor obenzyl) - [1, 2,3, 4- tetrahydropyrrolo[l
2- a] pyrazi ne- 4-spiro-3'- pyrrolidine]-1, 2' 3,5 -tetrone: _ To a

stirred s | f 2- (4- br ono- 2-

quorobengéﬁigggigLB 4-t etrahydropyrrol o[ 1, 2- a]pyra2|ne- ,

4-spiro-3' -pyrrolid e [ Of L 0m)
was added portlonmngggg % %}8ﬁ5g5|3n¥ﬁ§n1 %h (ﬂy?].zg%ﬁor %f JjcC,

fol lowed by  grapuisg ohu A9 g) in
chloroforn1(7 n1 Ttggﬂyesu ??%§1§¥§f%r% égk Sa rre&ﬂﬁf&g err]C for 15
hour s, popyegolhaggech gatgr5-a@gtggﬁgacted mnth chloroform The extracts

were dried over sodium sul fale and concentr at ed under reduced pressure.
The residue was apptrbed tei2r88dsBMution of 2-(4-bromo-2-
| fluorobenzyl)-[l,2,3,4-tetrahydropyrrolo[l,2-a]pyrézine—

4-spiro-3'-pyrrolidiné]-l,z‘,3,5'étetrone (0.9.9).13
chloroform (350 ml) was added portionwise anhydrous aluminum
chloride (1.4 g) at 25, followed by dropwise addition of
a solution of bromine (0.68 g) in chloroform (7 mi). The
resulting mixture was stirred at 50C fof 15 hours, poured
into ice-water, and extracted with chiofoform. ‘The extracts
were dried over sodium sulfate and concentrated under
reduced pressure. The residue was applied to a medium
pressure column chromatography on Diaion CHP-20P using 61%
acetonitrile as the elqent. Fractions containing the title
compound were pooled-and evaporated under reduced pressure.
The residue was recrystallized from éthyl acetate/n-hexane
_to.give the title cbmpound (0.34 g, 30.9%) as colorless
crystals, mp 209-211°C (decomp.).

Example 27

Preparation of 2-(4-bromo-é—fluorobenzy1)—6—
chloro-{1,2,3, 4~ tetrahydropyrrolo[l 2- alpyra21ne 4-spiro-
3'—pyrrolld1ne] 1,2',3,5" —tetrone

To a stirred solution of 2-(4-bromo-2-

fluorobenzyl)-{1,2,3,4-tetrahydropyrrolo[1l,2-alpyrazine-



pressure colum chromat ography on Di ai on CHP-20P using 61% acetonitrile as
the“eluent. Fractions containing the title conmpound were pool ed and
evapor at ed under reduced pressure. The residue was recrystallized from

et hyl: acetate/n-hexane to give the,fitle conmpound (0.34 g, 30.9% as
colorless crystals, nmp 209-211[err]C (deconp.). Exanple 27

Preparation of 2-(4-brono-2-fluorobenzyl)-6- '

chloro-[1, 2, 3, 4-tetrahydropyrrol o[ 1, 2- a] pyrazi ne- 4- spi ro-

3' -pyrrolidine]-1,2',3,5 -tetrone: To a stirred solution of
2- (4-brono-2- fluorobenzyl)-[1,2,3,4-tetrahydropyrrol o[ 1, 2-a] pyr azi ne-
- 44- ' 4-spiro-3' -pyrrolidine]-1,2",3,5 -tetrone (0.9 g) in

chl orof orm (350 mM) was added portionw se sul furyl chloride (0.68 g) at
25[err] C. Threspigd Y 'iRy miodtidrimedad ,X'i,3r,6d ~&etroRb[ €0t pCghoind hours,
poured into .ice-water, and extracted with chl oroform The extracts were
dried over &kRuafiosm (356 amid wasorddedr poediondiser sdlifedy prefsboride The
resi due was applied to a nmedi um pressure colum chromat ography on’

Di ai on CHP-‘ZQ)-F“?Q)ng’ltSG‘%"%eet Ghiet rielsalid nghaistueat vas  $ehereédmt cont ai ni ng
the title coqgound were pool ed and evaporated under reduced pressure. The
resi due was?? v r é@Fy &t RPN $ad PPRSREACERFP ACerHaten. haRdnex Eragied Yitd

title compoynd .56 g, .50.9% as colorless crystals, )
Wpéﬂlofg%prm,g Tge extracts were driedyover soéghm sulfate and

concentrated under reduced pressure. The residue was
applied to a medium pressure column chromatography én
Diaion CHP-20P using 50% acetonitrile as the eluent.
Fractions containing the title compound were pooled and
evaporated under reduced pressure. The rési&ue was
recrystallized from ethyl acetate/n-hexane to give the
title compound (0.56 g} 50.9%) as colorless crystals, mp
207-209% . | ‘
The starting materials used in the foregqing
Examples were prepared as follows. |

Reference Example 1

Preparation of 2-(pyrroi—1—yi)malonic acid
dibenzyl estér:

To a solution of 2-(pyrrol-l-yl)malonic acid diethyl
ester (75.7 g) in benzyl alcohol (200 ml) was added
tetraethyl titanate (3.0 g), and the resultiné mixture was
stirred at 110C for 15 hours. After removal of the
benzyl alcohol under reduced pressure, the residue was
chromatographed on silica §e1 using ﬁ-hex;ne/ethyl-acetate
(10:1) as the.eluent. Fractions containing the title

compound were pooled and evaporated under reduced pressure.



207-209[err] C The starting materials used in the foregoing
Exanpl es were prepared as follows. Reference Exanple 1- :
Preparation of 2-(pyrrol-1-yl)malonic acid: - di benzyl ester: ‘To a
solution of 2-(pyrrol-1- yl)nalonlc ﬁCId diethyl ester (75.7 g) in benzyl
al cohol (200 m) was added tetraet titanate (3.0 g), and the resulting
m xture was. stirred at 110[err]C for 15 hours. After renoval of the :
benzyl al cohol under reduced pressure, the residue was chronmatographed on
silica gel using n-hexane/ethyl acetaté (10:1) as the eluent. Fractions
containing the title conpound were pooled and evaporated under reduced
pressure. 45- The resi due was
recrystallized from et hyl acetate/n hexane to give the title conpound
(102.5 g, ag..colorl ess I Ref ce
Exanpl e 2 e £%518ueFW% af%fr% ?ié%?% f§¥| %F5%%e/30$ % .
(-)-menthylg X ' f W nic acid
di et hyl es%er %géotge _ltlﬁ f°§p%§%€1fﬂdyf?1§ O%g§@§és%§d%0gb}?g%§aethyI
titanate (é th)s aﬂg ifesLrgegl ting mxture was stirred at 110[err] C for
19 hours. removal of the (-)-ment hol under reduced pressure, the

resi due Wﬂﬁeference Example 2

Preparation of'2-(pyrrol-1fyl)malonic acid ethyl
(-)-menthyl ester:

To a mixture of 2-(pyrrol-l-yl)malonic acia
dlethyl ester (300.0 g) and (-)-menthol (417.0 g) was added
tetraethyl titgnate (10.0 §), and the resulting mixture was
stirred at 110C for 19 hours. After removai of the
(-)-menthol under reduced pressure, the ;e;idue was
chromatographed.on silica gel using n-hexané/ethyl acetate
(50:1) as the eluent. Fractions containing the title
compound were pooled and evaporated under reduced p;essure
to give-the title compound (142.0 g, 31.8%) as a colorless
oil.

Reference Example 3

Preparation of 2-benzyloxycarbonylmethyl-z-
(pyrrol-i-yl)malonic acid diethyl eéter:

To a stirred solution of 2—(pyrrol—;—yi)maionic
acid diethyl ester (53.0 g) in_anhydréus dimethylformamide
(300 ml) was added portionwise sodium hydride (63% |
.dispe}sion in minerﬁl oil, 10.0 g) ﬁnder_ice cooling. The
resulting mixture was stirred at 25%. for 30 minutes and
thereto was added benzyl bromoacetate (70.1 g). After

stirring at 25C for 15 hours, the reaction mixture was



chrormat ographed on silica gel using n-hexane/ethyl acetate (50:1) as the
eluént. Fractions containing the title conmpound were pool ed and evapor at ed
under reduced pressure to give the title conpound (142.0 g, 31.8% as a
colgrdess oil. Reference Exanple g Preparati on of

2- benzyl oxycar bonyl nethyl -2-  (pyr#81-1-yl)mal oni ¢ acid diethyl ester:

To a stirred solution of 2-(pyrrol-1-yl)malonic acid diethyl ester (53.0.
g) in anhydrous dinethylformam de (300 m) was added portionw se sodi um
hydride (63% dispersion in mneral oil, 10.0 g) under ice cooling. The
resulting mxture was stirred at 25[err]C for 30 mnutes and thereto was
added benzyl bronpacetate (70.1 g). After stirring at 25[err]C for 15
hours, the reaction mxture was - 46 -

oured int r.and extracted with et hyl .acetate.. The xtragts were
gri ed overlg%n %/‘grbrgtso St ﬁﬁn%’lﬁjfea’iteraacntdayé' eﬁ%&‘ggeacﬁﬁagf‘reﬁfi%ed
ressure. 3. . Chr 0 iLic S]
ﬁ- hexane/ e%ﬂgféggée%g%ﬁ#) as %ﬂ&%&ﬁt goérlg%:nt %gﬁggggnégfgni ng the

titlhe conponachilCP Wit JURFRIAY YL ANderneeducedupl gasure to give
the title conmpound (80.0 g, 91.99@ as a colorless oil. Reference Exanple

4 " chromatographed on silica gel using n-hexane/ethyl acetaﬁe
(10:1) as the eluent. Fractions containing the title
compound were pooled and evaporated under reduced pressure
§o give the title compound (80.0 g, 91.0%) as a colorless

oil.

Reference Example 4

Preparation of 2—carboxymethyl—%f(éyrrol—l—yl)—
malonic acid diethyl ester:

A mixture of 2—benzyloxycarbopylmethyl—z-(py{rol;
l-yl)malonic acid diethyl ester (80.0 g) in dioxane (iso
ml) was hydrogenated o&er 10% palladium-carbon (500 mg) at
40T . After the calculated amount of hydrogen was
absorbed, the catalyst was filtered off and the filtrate
was evaporaﬁed under reduced pressure. The residue was
recrystallizéd from éthyl acet&te/n-hexane to give the title
compound (48.7 g, 80.2%) as colorless crystals, mp 93-94C .

Reference Example 5

Preparation of 2—carbamoy1methyl—2-kpyrrol—l—yl)-
malonic acid diethyl ester:

A mixture of 2—carboxygethyl—2—(pyrrol—l—yl)-'
malonic acid diethyl ester .(36.0 g),.N—hydroxysuccinimide
(16.1 g) and l—éthyl-3-(3—dimethy1aminopropyl)carbodiimide

hydrochloride (29.2 g) in dichloromethane (200 ml) was



Preparation of 2-carboxynethyl-2-(pyrrol-1-yl)- malonic acid diethyl

ester: A m xture of 2-benzyl oxycarbonyl net hyl -2-(pyrrol -
I-yl)malonic acid diethyl ester (80.0 g) in dioxane (150 m) was

hydr pgenat ed over 10@6pa||adiun}carbgn (500 ng) at 40[err]C. After the
calcul ated anount of hydrogen was~ 4bsorbed, the catalyst was filtered off
and the filtrate was evaporated under reduced pressure. -The residue was
recrystallized fromethyl acetate/n-hexane to give the title conpound
(48.7 g, 80.2% as colorless crystals, np 93-94[err]C. Reference Exanple 5
Preparati on of 2-carbanoyl nmethyl-2-(pyrrol-1-yl)- malonic acid diethyl
ester: A m xture of 2-carboxynethyl-2-(pyrrol-1-yl)- nmalonic
acid diethyl ester (36.0 g), N hydroxysuccinimde (16.1 g) and

1-ethyl -3-(3-dineth LaopL opyl )car bodi i ju de drachloride_ (29,2 g) in
diChIOronetﬁ&ﬁérféO%Lﬁf%emaéop i hghr, fofgowed'BQ égalt;on_ﬁf_%.sg

stirred at K 1. ho Ihiio f : W) anmoni a
i n acet oni t???g)(%ﬁ;&éﬁﬁlyﬁéeei?ge@ﬁf#% H%oigﬁr)e' vvggl%strilrsrﬁg 121’}[&/ 25[err]C

f 1h d
or our ﬁ’igﬁgi’@%’&‘é r uefﬂrﬁe&'”&‘@rz?’geﬁ 12{11}?:}1¥Jra%datco%%n%§5%ed

t enperature. resi “was di sso _ acetate. The solution was
washed Wit hyade by HeQEdd &1 pfe 960 £ ad {HIE LM tipetarued. agHeous sodium

chl oride solution, dried over anhydrous
residue was dissolved in ethyl acetate. The solution was
washed with 5% hydrochlorié acid and then with saturated
agueous sodium.chloride sélution, dried over anhyégsus
sodium sulfate, énd evaporated under reduced pressure. The
residue was recrystallized from ethyl aceta}e/n-hexane to give
the title qoméound (29.0 g, 80.8%) as colorless crystals, mp

94-95C .

Reference Example 6

Preparation éf 2-ethoxycarbonyl-2—(pyrro%—l—yl)-
succinim}de: .

' To a stirred solution of 2-carbamoylmethyl-2-
(pyrrol-l-yl)malonic acid diethyl ester (29.0 g) in
anhydrous dimethylformamide (30 ml) was added portionwise
sodium hydride (63% dispersion in mineral oil, 4.3 g) under
ice cooling. The resulting mixture was stirred unﬁer ice
cooling for 1 hour, poured into 5% hydrochlo;ic acid/ice-
water, and extracted with ethyl acetate. The extracts were
washed with saturated agueous sodium chloride solution,
dried over anhydrous sodium sulfate, and concentrated under
reduced pressure. The residue was chromatographed on silica
gel using n-hexane/ethyl acetate (2:1) as the eluent.

Fractions containing the title compound were pooled and



sodi um sul fate, and evaporated under reduced pressure. The residue was
recfystallized fromethyl acetate/n-hexane to give the title conpound
(29 g, 80.8% as colorless crystals, np 94-95[err]C. Reference Exanple
. Preparation of 2- ethoxycarbonyl 2-(pyrrol-1-yl)- succinimde:
To a stirred solution of 2- carbaﬁbf1nethyl 2- (pyrrol-1-yl)mal onic acid
di ethyl ester (29.0 g) in anhydrous dinethylformamde (30 nml) was added
portionwi se sodium hydride (63% di spersion in mneral oil, 4.3 g) under
ice cooling. The resulting m xture was stirred under ice cooling for 1
hour,. poured into 5% hydrochloric acid/ice- water, and extracted with
ethyl acetate. The extracts were washed with saturated aqueous sodi um
chloride solution, dried over anhydrous sodium sul fate, and concentrated

under redQ&%@o&%%%%u%%ﬂe?h%ehﬁﬁe%U%rW§§u§QrQHH%P@Ea@mgdt99 181 &bffoude!

usi ng n-hexane/ ethyl acetate (2:1) as the elu Fracti1ons contalning the
title conpawsd owar,e 9aQ9lgdd a@3Nd colorless oil. - 48-
evapor at ed under reduced pressure to give the t|tIe conpound (23.0 g,

94. 7% as ®edfelrenkcesExampie 7Ref erence Exanple 7 Preparation of

2- et hoxycarbonyl -2Z2-(Z-trichlforo- acetyl pyrrol-1-yl)succinimde.1/2
di ret hyl formam de: Preparation of 2-ethoxycarbonyl-2-(2-trichloro-

aoetylpyrrol-l—yl)succinimide-1/2 dimethylformamide:

| To a solution of 2-ethoxycarbonyl-2-(pyrrol-l-yl)-
succinimide (18.0 g) in chloroform (40 ml) was addbi
trichloroacetyl ohloride (42.0 g), and the resulting

mixture was refluxed for 67 hours. The reaction mixture was
concentrated under reduced pressure, and tho residue was
dissolved in ethyl acetate. The solupion was woshed with
10% aqueous sodium carbonate solution ood then with
saturated -agueous sodium chloride solution, dried over
anhydrous sodium sulfate, and concentrated under reducéd
pressuro. The residue was chromatographed on silica gel.
using n—hexane/ethpl acetate (4:1) as the eluent.

Fractions contalnlng the title compound were pooled and
evaporated under reduced pressure. The crude product
obtained as a colorless o0il was treated with
dimethylformamide (5 ml) to crystallize. Recrystallization
from ethyl acetate/n-hexane gave the title compound (28.5 g,
89.3%) as colorless crystals, mp 94-97C .

Reference Example 8

Preparation of 2-(2-trichloroacetylpyrrol-1-yl)-
malonic acid diethyl ester:

To a solution of 2-(pyrrol-l-yl)malonic acid



To assol ution of 2-ethoxycarbonyl-2-(pyrrol-1-yl)- succinimde (18.0 g) in:
chloroform (40 mM) was added trichloroacetyl chloride (42.0 g), and the
resulting mxture was refluxed for 67 hours. The reaction m xture was
congentrated under reduced pressure, and the residue was dissolved in
ethyl acetate. The solution was wastfed with 10% aqueous sodi um car bonat e
solution and then with saturated agueous sodi um chloride solution, dried
over anhydrous sodium sul fate, and concentrated under reduced pressure.
The resi due was chromat ographed on silica gel. - using n-hexane/ et hyl
acetate (4:1) as the eluent. Fractions containing the title conpound were
pool ed and evaporated under reduced pressure. The crude product obtalned
as a colorless oil was treated with dinmethylformamde (5 nl) to

CryStal|'Zed15%ﬁfysé§@é%2@fd6”b Jf(¥ﬂ‘gﬂfgro%%§%PR§6% &géangg?%ge&he.tltle

conpound (28.5 g, 89.3% ‘col’orl'ess crystal Ref er ence

Exanmpl e 8 trlchloroéﬁé¥¥ﬁfﬂﬂfyifﬁ 31@3 Mrb9h|QBQa%ﬁEyEQ¥ﬁﬁ€hn& yl)-
mal oni ¢ acid diethyl ester: To asol ution of

2-(pyrrol - Imykyupé oM rfFlixed for 15 hours. The reaction mif#fure was
di ethyl ester (100.0 g) in chloroform (100 mM) was added trichloroacetyl

chl ori de (164dndenratadd underr ewdhicedg pressutes wad thtl weefdéerwds hours.
The reaction m xture was
dissolved in ethyl acetate. The solution was washed with
10% aqueous sodium carbonate solution and then with
saturated aqueous sodium chloride solution, dried.over
anhydfous sodium sulfate, and evaporaﬁed under reduced
pressure. The residue was recrystallized from isopropyl
ether to give the title compound (146.4 9, 55.0%) as
colorless crystals, mp 67-69C . .

Reference Example 9

Preparation of 2-(é—trich1oroacetylpyrro{-i~yl)-
malonic acid ethyl (—)-menth§l ester:

To a solution of 2-(pyrrol-l-yl)malonic acid ethyl
(-)-menthyl ester (64.0 g) in chloroform (Bb ml) was added
trichloroacetyl chloride (69.0 g), and the resulting mixture
was refluxed for 7 ﬁours. The reaction mixture was
concentrated under reduced pressure, and the residue was
diésolved in ethyl acetate. The solutipn was'washed with 5%
agueous sodium carbonate solution and then with saturated

-aqueous sodium chloride solution, drigd over anhydrous
sodium sulfate, and concentrated under reduced pressure.
The residue was chromatographed on silica gel using n-
hexane/ethyl acetate (50:1) as the eluent. Fractions

containing the title compound were pooled and evaporated



concentrated under reduced pressure, and the residue was dissolved in

et Hyl acetate. The solution was washed with 10% aqueous sodi um carbonat e
solution and then with saturated aqueous sodi um chloride sol ution,

dried. over anhydrous. sodi um sul fat-e, and evaporated under reduced
pressure. The residue was recrystal3d zed fromisopropyl ether.to give the
title conpound (146.4 g, 89.0% as colorless crystals, np 67-69[err]C

Ref erence Exanple 9 Preparati on of '

2-(2-trichloroacetyl pyrrol-1-yl)- malonic acid ethyl (-)-nenthyl ester:
To a solution of 2-(pyrrol-1-yl)malonic acid ethyl (-)-menthyl ester (64.0
g) in chloroform (80 m) was added trichloroacetyl chloride (69.0 g), and
the resulting mxture was refluxed for 7 hours. The reaction m xture was

concent I at o el L RIHCEA BLES UG AYL Lhe {£e] Uil gsoloved i n

et hyl acetate he "sol'ut ron-was was aqueous sodi'u ‘é%ﬁbbnate

sol ution a@q.@Qqn%g %hcagbgﬁgggdoigqueous sodi um chl ori de solution, dried
over anhydrous ‘sodium sultate, and concentrated under reduced pressure.

The resi dugeiaseneoBRbApiaphgd on silica gel using n- hexane/ethyl
acetate (56t —=s—tte—etuenmt—Fractions containing the title conmpound were

pool ed and evapor at e@reparation of 2-(trichlorcacetylpyr?®l-i-yl)- under
reduced pressure to give the title conpound (87.0 g,
malonic acid dibenzyl ester: :

The procedure of Reference Example 8 was repeated
except that 2-(pyrrol-l-yl)malonic acid dibenzyl ester was
used in place of 2—(pyrroljl—y1)malonic acid diethyl ester.
The title compound was qbtéined as colorless crystals, mp

74-76C (recrystallized from ethyl acetate/n-hexane).

Referénce Example 11

Preparation of 2-(4-bromo-2—f1uorobenzyl)-l,?-'

diogo-l,2,3,4—tetrahydropyrrolo[1,2—a]pyrazine—4-cayboxy1ic
- acid ethyl es%er: | ‘

A mixture of 2-(2—trichloroacetylpyrrol-l—yl)-
malonic acid diethyl ester (40.0 g), 4-bromo-2-
fluorobenzylamine hydrochloride (29.0'9) and triethylamine
(54.8 g, 75.0 ml) in anhydfous'dimethylformamide-(100 ﬁl)

 was stirred under.the stream of nitrogen at 70°C for 1 hour.
After cooling, the ;éactioh mi#ture was poureq'into 5%
hydrochloric acid and extracted with ethyl acetate. The
extracts were dried over anhydrous sodium sulfate and
évaporated under reduced pressure. The residue was
recrystallizéd from ethyl acetate/n—ﬁexane to. give the
title compound (38.0 g, 86.0%) as colorless crystals, mp

114-115% .



94.9% as a colorless oil. Reference Exanple 10 Preparation of
2-(frichloroacetyl pyrrol-1-yl)- malonic acid di benzyl ester:

The procedure of Reference Exanple 8 was repeated except that
2-(pyrrol-1-yl)mal onic acid di benzyl ester was wused in place of
2-(pyrrol-1-yl)mal onic acid diethybiester. The title conmpound was obtai ned
as colorless crystals, np 74-76[err]C (recrystallized from ethyl

acet at e/ n-hexane). Reference Exanple 11 . Preparation of

2- (4- brono- 2-fl uor obenzyl)-1, 3- _

di oxo-1, 2, 3, 4-tetrahydr.opyrrol o[ 1, 2- a] pyr azi ne-4-carboxylic acid ethyl
ester: . A m xture of 2-(2-trichloroacetylpyrrol-1-yl)- rmalonic
acid diethyl ester (40.0 g), 4-brono-2- fluorobenzyl am ne hydrochl oride

(29.0 g) and triethylamne (54.8 g, 75.0 nml) in anhydrous
- di met'hyl f oRGABEEBCE1 BA2RPYe iﬁs stirred under the streamof nitrogen at
L ot L hout g B oL 081 4P |5 Le2cty Bl o s a1t
e over gRRs 24 o9k L SHLL b g Ao YRR A LS osour o
Egale_conpgggg Q§§h3egth§§'gng9§ colorless crystals, np 114-115[err]C
A mixture of 2-(2-trichloroacety;pyrrolfl—y1)-

malonic acid ethyl (-)-menthyl ester (87.0 g), 4-bromo-2-

fluorobenzylamine'hydrochloride (53.0 g) and trieth&lamine

(66.4 g,.91.0 ml) in anhydrous dimethylformamide (200 ml)

was stirred under the stream of nitrogen at ?5% for 2 hours.

The reaction mixture ﬁas'concentrated undé;.reduced

pressure and the residue was dissolved in ethyl acetate.

The solution was washed with 5% cold hydrochloric acid.and

then with séturated aqueous sodium chloride solutiop, dried

over anhydrous sodium sulfate, and evaporated under reduced

pressuré. The residue was recrystallized from methanol to

give the title compound (74.0 g, 78.7%) as.cqlorlesé

crystals, mp 98-99TC .

Reference Example 13

Preparation of 2-(3,4-dichlorobenzyl)-1,3-dioxo-
l,2,3,4—tetrahyd;opyrrolo[1,2-a]pyrazine—4-ca;boxylic acid
benzyl ester:

A mixture of 2-(2—trichloro;cetyipyrrol—l—yl)—
malonic acid dibenzyl ester (30.0 g), 3,4-dichlorobenzyl-
amine (11.7 g) and triethylamine (1854 g; 25.0 ml) in
anhydrous dimethylformamide (70 mi) was stirred under the

stréam of nitrogen at 70°C for 2 hours. After cooling,



Ref ey ence Exanple 12 . Preparation of

2- ("4- br ono- 2-f |l uor obenzyl ) -1, 3-

di oxo-1, 2, 3, 4-tetrahydropyrrol o 1, 2- a] pyr azi ne- 4- car boxyl i c “acid

(-)- nenthyl ester: A m xture of

2-(2-trichloroacetyl pyrrol-1-yl)- sgalonic acid ethyl (-)-nmenthyl ester
(87.0 g), 4-brono-2- fluorobenzyl am ne hydrochloride (53.0 g)- and
triethylamne (66:4 g, 91.0 m) in anhydrous dinethylformam de (200 m)
was stirred under the streamof nitrogen at 75[err]C for 2 hours. The
reaction m xture was concentrated under reduced pressure and the residue.
was di ssolved in ethyl acetate. The solution was washed with 5% col d
hydrochloric acid and then with saturated aqueous sodi um chl ori de

| ution, h di | f at d ted und
educed " prbecGPaStTRe FLEFREE aS PRGHS tag?*fcrezseﬁ%rd?rvmaq%m”a&%ola‘ét”leerg. ve

the title E%ﬁp%ﬁggiéz dqwﬂth7§tﬁ$a ggego%é¥| Te ex rac s Were %rl% [err]C

Ref erence repat atron o

2-(3,4-dic ro o]

1, 2,3, 4- te?&%ﬁy %%%% %09§9§ %g%%%??mfﬁfcﬁﬁ o ﬁi?eg0|3d benzyl ester:

A m xture %a%c_ea f:fé@&ﬁf’é OaC?Eé!'Pé(H&Le Jwavé )chr t%'r%ﬁ)ﬁ‘e'dd o 3 rmel ester
(30.0 g), 3,4-dichlorobenzyl- amne (11.7 and triet hyl am ne 4 g,

25.0 m) i ge1a0byH§ Oktsheh dieé Nyt Pl r@éa@kece( 7@ M) aeaghst _euheeltunder the

stream of nitrogen at 70[err]C for 2 hours. After cooling,

- 52 - Fractions containing the title compound were pooled and
evaporated under reduced pressure. The residue was.
recrystallized from ethyl acetate/n- hexane to glve the tltle
compound (16.0 g, 59.5%) as colorless crysta;s,

mp 104-106C .

Reference Example 14

Preparation of 4-benzyloxycarbonyl—2-(3,4— )
dichlofobenzyl)—l,3—dioxo—1,2,3,4-tetrahydropyrrolo!1,2-
a]pyrazihe—4—acetic acid tert-butyl ester:

| To a stirred solution of 2-(3,4—dichlordbenzyl)-
;,3-dioxo—1,2,3,4—tetrahydropyrrolo[1,2¥a]pyrazine—4—
cerboxylic acid benzyl ester (9.4 g) in anhydrqqs
dimethylformemide (40 ml) was added portionwise sodium
hydride (63% dispersion in minerel oil, 0.7 g) under ice
cooling, while a stream of nitrogen was passed over the
mixture. The_resu;ting mixture was stirred at 25*) for 1
hour and thereto Qas added tert-butyl bromoacetate (4.3'g).
The mixture was stirred at 25%C ﬁor 15 hours, poured into
water, and extracted with ethyl aceteee. The extracts were
dried over anhydrous sodium sulfate and concentrated under

reduced pressure. The residue was chromatographed on-silica



the reaction m xture was poured into 5% hydrochloric acid and extracted
w th ethyl acetate. The extracts were dried over anhydrous sodium sul fate
and concentrated under reduced pressure. The resi due was chronmat ographed
on sjlica gel using n-hexane/ethyl acetate (3:1) as the eluent. Fract.ions
containing the title conmpound weré@ Béored and evaporated under reduced
pressure. The residue was recrystallized fromethyl acetate/n-hexane to
give the title conmpound (16.0 g, 59.5% as colorless crystals, np
104-106[err]C. Reference Exanple 14 - Preparation of
4- benzyl oxycar bonyl - 2- (3, 4- '
di chl orobenzyl ) -1, 3-di oxo-1, 2, 3, 4-tetrahydropyrrol o[ 1, 2-
a] pyrazine-4-acetic acid tert-butyl ester: To a stirred solution
of 2-(3, 4-dgelhl gs D¢ Hexane/ethyl acetate (20:1) as the eluent. _
1, 3-di oxo-1, 2, 3, 4-tetrahydropyrrol o[ 1, 2- a] pyrazi ne-4- carboxylic acid
benzyl estepr§8tiony dohtHIMIHPOUhe d IEENHompowmd dere4Pobled Wasd added
portionw se sodium hydride (63%di spersion in mneral oil, 0.7 g) under
ice coolingvapbrdied widerameduced mgasw@s pahecdesidnet wes rectys<e. The
resulting mxture was stirred at 25[err]C for 1 hour and thereto was added
tert-butyl babhizebtinam e£hylgacethte /m-hexapenwtks gtiver tHeati®beerr] C for
15 hours, poured into water, and extracted with ethyl acetate. The
extracts wesempeMidked So\ded aflydidusss stilomliessf grassadsconR R T88€d- under

reduced pressure. The residue was chromatographed on silica
Reference Example 15

Preparation of 2—(4—bromo—2—fluorobenzyi);4—
ethoxycarbonyl-1,3-dioxo-1,2,3,4-tetrahydropyrrolo(1,2-
alpyrazine-4-acetic acid tert-butyl ester:

A mixture of 2*(2-trichléroacetglb&rrol-l-yl)—
malonic acid diethyl ester (25.0. g), 4-bromo-2-fluorobenzyl-
amine hydrochloride (17.8 g) and triethylamine (22.5 g, 30.8
ml) in anﬁydrous dimethylformamide (100 ml) was sti;féd
under the stream of nitrogen at 70C for 1 hour and
concenﬁrated under reduced pressure. The residue was
.dissolved in anhydrous dimethylformamide (100 ml) ahd to the
stirred solution under the stream of nitrogen was added
portionwisg:sodium hydride (63% dispersion in mineral oil,
5.6 g) under ice cooiing. The resulting mixture was stirred
at 25C for 1 hour and thefeto was added tert-butyl
bromoacetate (31.6 g). The mixture was stirred at 25f> for
15 hours, poured into water, and extracted with ethyl
acetate. The extracts were dried over anhydrous sodium
sulfate and concentrated under reducéd pressure. The
residue was chromatographed on siliéa gel using n-

hexane/ethyl acetate (8:1) as the eluent. Fractions



-53-_. gel using n-hexane/ethyl acetate (20:1) as the eluent.

Fracti ons containing the title conpound were pooled and evaporated under
reduced pressure. The residue was recrys- tallized from ethyl .
acetate/n-hexane to give the titlg, conpound (9.2 g, 78.0% as colorless
crystals, np 86-88[err]C. Reference Exanmpl e 15 . Preparati on of
2- (4- br ono- 2- f | uor obenzyi ) - 4-

et hoxycar bonyl -1, 3-di oxo-1, 2, 3, 4- tetrahydropyrrolo[l 2-

a] pyrazine-4-acetic acid tert-butyl ester: A mixture of
2-(2-trichloroacetyl pyrrol-1-yl)- malonic acid diethyl ester (25.0. g)
4- br ono- 2-f | uor obenzyl - am ne hydrochloride (17.8 g) and triethylam ne

(22.5 g, 30.8 _nl) in anhydrous dinethylformam.de (100 nl) was stirred
under thecertaining tﬁ@rt@ﬁ#ﬁEEONRHQﬂqjﬂgfﬁoPOPlﬁéuﬁnénGvaéEH@@ﬁ@rated under
reduced pressure. The residue was dissolved . in anh dro§% ﬂ geghélfornanide
(100 n) '&ﬂ‘éle%’or?%‘éce%tﬁ’??wl’s%lttﬂﬂdﬁ'%ﬁ@@r t&ﬁéesFP P 5 f was

added po se sodium hydri de (63% di spersion in m neral 0|I 5.6.9)
under ice %?Y%@s THEP Y RE1F TS e'ln'ixture was stirred at 25[err]C for 1

‘hour and %hgégéo %gé aggfd i@rt butyI bronoacetate (31.6 g). The m xture
was stirr 15 hours, poured into water, and extracted
wih ethyl —acetat ey, Jie, £44R0e Mﬁ&@&%m%farzhxdr-wm-um sul fate

and concentrated under: reduced pressure. resi due was chronat ographed

gpaz't: 'Oﬁgfﬂﬁéré'ﬁéﬂﬂyﬂy 4@@%‘4:%1’(%0:@%%%%&811)3 -a3 oixloe 1512yente-
tetrahydropyrrolo(l,2-alpyrazine-4-acetic acid tegt_butyl
ester (Diastereomer A and Diastereomer B):

(1) A mixture of-2-(4-bromo-2-fluorobenzyl)-1,3-
dioxo-l,z,3,4-tetrahydropyrroio[1,z-a]pyraziné-4—carboxylic
acid (—)—menﬁhyl ester (67.0 g), anhydrous'potasqium
carbonate (36.0 g) and tert-butyl bromoacetate (33.0 g) in
anhydrous dimethylformamide (200 ml) was stirred under- the
stream of'nitrogenlat 70C for 2.5 hours. After removal of
the insoluble materials by filtretion, the filtrate was
poured into water and extracted with ethyl acetate. The
extracts were washed with saturated agueous sodium chloride
solution, dried over anhydrous sodium sulfate, and
evaporated under reduced pressure. The residue wae
recrystallized from n-hexane to give the title compound
(Diastereomer A) (23.5 g, 28.8%) as.colorleés.cfystals,
mp 99-100%C . | |

The diastereomeric purity was determined by
analytical HPLC, on CAPCELL PAK C18 4.6¢ x 150 mm (Shiseido
Co., Ltd., Japan) and was found to be greater than 99%.

e ]%6 = -24.8° (c=1.01, ethanol)



-54- containing the title conpound were pool ed and evaporated under
reduced pressure to give the title conpound (28.7 g, 81.3% as a colorless
oil. Reference Exanple 16 Preparati on of a diastereoner of

2- (4sbrono-2- fluorobenzyl)-4-(-)-penthyloxycarbonyl -1, 3-di oxo-1, 2, 3, 4-
tefrahydropyrrol0[1,2-a]pyrazinef45acétic acid tert-butyl ester

(Di astereoner A and Di astereoner B): (1) A m-xture of

2- (4-brono-2-fl uorobenzyl)-1, 3-

di oxo-1,.2, 3, 4-tetrahydropyrrol o[ 1, 2- a] pyr azi ne- 4-carboxylic acid
(-)-menthyl ester (67.0 g)., anhydrous potassium carbonate (36.0 g) and
tert-butyl bronpacetate (33.0 g) in anhydrous dinethylformam de (200 mnl)
was stirred under the streamof nitrogen at 70[err]C for 2.5 hours. After
renoval of the insojapl epH@tgsid S Diqidd témddioneg HFeeli kbpatetyes poured .
into water and extracted with ethyl acetate. The extracts were washed with
sat urat ed afjueheasabovk WDHLEYedditer Olwis dvapbrat®dovedeanbgducad sodi um
sul fate, and evaporated under reduced pressure. The residue was

recrystal | predstrem rthexarm due gras pieified oy ohpomdogephyt ereconer A)
(23.5 g, 28.8% as colorless crystals, np 99-100[err]C. The

di ast er eonBilécpuael y waingardienansy/ bichloronathage Wh:t) af HRECELL PAK

- C18 4.6[err] x 150 mm (Shiseido Co., Ltd., Japan) and was _found to be
greater thghuepty, to give the title compound (Diastereomer B) (26.7 g,

32.7%) as a colorless oil.
The diastereomeric purity was determined by the
same method as above and was found to be greater than 99%.

Reference Example 17

Eroparation of.2—(4-bromo-2—fluorooenzyl)f4—
ethoxycarbonyl-l,3-dioxo-1,2,3,4—tetrahydropyrrolo[1,2-
alpyrazine-4-acetic acid:. . |

A mixture of 2—(4-bromo—2-fluorobeniy1)—4; .
ethOxycarbonyl—ly3—dioxo—l,2,3,4—tetrahydropyrrolo[l,é—
alpyrazine-4-acetic acid tert-butyl ester (28.7 g) and
trifluoroacetic acid (125.1 g, 84.5 ml) in dichloromethane
(100 ml) was refluxed for 3 hours and concentrated under
reduoed pressure. The residue was chromatographéd on
silica gel using chloroform as the eluent. Fréctions
containing the title compound were. pooled and:evaporated'
under reduced pressure. The.residue was recrystallized from
ethyi acetate/h-hexane to give the ti;le compound (21.4 g,

83.6%) as colorless crystals, mp 142-144C .

Reference Example 18
Preparation of a diastereomer of 2-(4-bromo-2-

fluorobenzyl)-4-(-)-menthyloxycarbonyl-1,3-dioxo-1,2,3,4~



[[errd]] = 24.8[err] (c=1.01, ethanol) - 55-
(2) The nother |iquor obtained after separation of the above Di astereoner
A was evapor at ed under reduced pressure. The residue was purified by

chr enat ography on silica gel, usig n- hexane/ di chl oromet hane (1:1) as the
eluent, to give the title conpound gDFastereoner B) (26.7 g, 32.7% as a
colorless oil. The di astereoneric purity was determ ned by the
sanme nethod as above and was found to be greater than 99% Reference
Exanpl e 17 Preparation of 2-(4-brono-2-fluorobenzyl)-4-

et hoxycar bonyl -1, 3-di oxo-1, 2, 3, 4-tetrahydropyrrol o[ 1, 2-

a] pyrazi ne-4-acetic acid: A-m xture of

2- (4-brono- 2-fl uorobenzyl) - 4- .

et hoxycar -A-.3-diox0-1.2, 3, 4-tetrahydr rral o[ 1,.2-

alpyrazjn2€§¥g% ?%°§¥fﬁ°%8!%zga?}?Yﬁﬁﬁﬁﬁgiéﬁﬁé?téf %ﬁﬂ% trifluoroacetic
acid (125. dpasférSofs NaflhohLoLOUELIlANE 5)(100 1) was refluxed for 3
hours and concentrated under Treduced pressure. The residue was

chromat ographed on gf}icg Hgkt&¥%rﬁk(5ﬂ6¥JﬂP@h%L93fﬁﬂ%r%%%%%%3g-FraCti0”5

containing the title conpound were. pool ed and-evaporate r reduced
pressure. 4rhe-y-aseitity ey ELEbNS Bl | %80 dxior D), 26BN UL t_3cehAk@re-hexane to

give the title conpound (21.4 g, 83.6% as colorless crysftals, np

142-144{Eﬂpjﬂ}ololl,2-a]pyrazine-4—acetic acid tert-butyl ester
(Diastéreomer A) (30.0 g) and trifluoroacefic acid (112.5 g,
76.0 ml) in anhydrous dichloromethane (120 ml) was ;efluxed
for 1.5 hours and concentrated under reduced pressure. The
residue was dissolved in a mixture of acetonitrile and
toluene. The resulting solution was evapq?;£ed under
reduced pressure to give the title compound (Diastere&mer a)
(27.3Ig, quantitative) as a brown oil.

(2) Repeating the above procedure, using_z;(4-
bromo-szluorobenzyl)-4-(-)-menthyloxycarbonyl-l,3—dioxo—
1,2,3,4-tetrahydropyrrolo[l,2-a]pyrazine—4-aqetic acid tert-
butyl ester (Diastereomer B) (26.7 g) in place of the
corresponding Diasteréomer A, gave the title compound

(Diastereomer B) (23.7 g, gquantitative).

Reference Example 19

Preparation of 2-(4-bromo-2-fluorobenzyl)-4-
carbamoylmethyl-l,3—dioxo—1,2,3,4-tetrahydropyrrolo[1,2-
a]pyraiine—{—carboxylic acid ethyl es;ér:

A mixture of 2-(4-bromo-2-fluorobenzyl)-4-
ethokycarbonyl-l,3-dioxo-1,z,3,A—tetéahydropyrrolotl,z—
alpyrazine-4-acetic acid (21.4 g), N—hydroxysuccinimide

(5.8 g) and l—ethylvB—(3—dimethylamihopropy1)carbodiimide



Ref erence Exanple 18 Preparation of a diastereonmer of

2= (4-brono-2- fluorobenzyl)-4-(-)-nmenthyl oxycarbonyl -1, 3-di oxo-1, 2, 3, 4-
- 56 - t et rahydropyrrol o[ 1, 2- a] pyrazi ne-4-acetic acid

(Di astereonmer A and Di astereoner B): (1) A mxture of

2- (4-brono- 2-fl uorobenzyl) - 4- (=) 5itent hyl oxycar bonyl - 1, 3-di oxo-1, -

2, 3, 4-tetrahydro- pyrrol o[ 1, 2-a] pyrazi ne-4-acetic acid-tert-butyl ester
(Di astereomer A) (30.0 g) and trifluoroacetic acid (112.5 g, 76.0 m) in
anhydrous di chl oromet hane (120 m ) was refl uxed for 1.5 hours and
concentrated under reduced pressure. The resi due was dissolved in a

m xture of acetonitrile and tol uene. The resulting solution was

evapor at ed under reduced pressure to give the title conpound

(Di astereo 7 Py itatiy as a_ _brown oil . : (2)
Repeat i ng {Tﬁ dg%%}\lljééé%éze uor'g’?a%}sijﬁlg -"%&lmwmet ane’ (250 n1) was |

brono- 2- f | ugg pPeEZ Y44 '%ﬁ“%i ifdéieg WOQXY CH LAYl J(w;"wg: gﬁﬁgﬁ-? Butyl ést er

1,2, 3,4-tetrahydropyrr pyrazi ne-4-dcetic’a
(Di ast er eoniéedni{ i Ve X)40 M) arss Oédé%fi (ggU i—‘EEQT%Hgi ift ALPL SRRBT A

gave the title conpound (D astereoner 79, quantitative

Ref erence b@igted 1 25C for 1 RiAPAr PdudedOfinto 5% hydrochloric

2- (4-brono-2-f | uor obenzyl ) - 4-

car bamoy| nmetdiyd - lamdt dixbracted JidkH eliauioab¥hafkO[ ITRe extracts
were dried over anhydrous sodium sulfate and evaporated
under reduced pressure. The residue was recrystailized
f;om ethyl acetate/n-hexane to give the title compound

(18.5 g, 86.4%) as colorless crystals, mp.l90¥192% .

Reference Example 20

Preparation of a diastereomer of 2-&4—bromo—2—
fluorobepzyl)-4—carbamoy1methyl—1,3-dioxo—1,2,3;4—
tetrahydropyrrololl,2-alpyrazine-4-carboxylic acid
(-)-menthyl ester (Diastefeomer A and Diastereomer B):

(1) To a solution of 2-(4-bromo-2-fluorobenzyl)-
4—(—)—menthyloxycarbonyl—l,3—dioxo—1,2,3,4—tetrahydro-'
pyrrolo[;,2—a]pyrazine-4—a¢etic acid (Diastereomer A) (27.3
g) in anhydrous dichloromethane (80 ml) was added thionyl
chloride (14 ml). The resulting solution Qas refluxed for
2 hours and concentrated under reduced Pressure. The

- residue was dissolved in dichloromethane (80 ml) and the
solution was concentrated under reducgd pressure. ToO a
solution of the residue in dichloromethane (100 ml) was’

~added 7% (w/w) ammonia in acetonitriie (50 m1) under ice
cooling. The resuiting mixture was stirred at 25C for 30

minutes and concentrated under reduced pressure. The



a] pyctazi ne-4-carboxylic acid ethyl ester: A m xture of

2- ("4- br ono- 2- f | uor obenzyl ) - 4- :

et hoxycar bonyl - 1, 3-di oxo-1, 2, 3, 4-tetrahydropyrrol o[ 1, 2-

a] pyrazi ne-4-acetic acid (21.4 g), N hydroxysuccinimde (5.8 g) and

1- et hyl - 3- (3- di net hyl am nopr opyl-) gay bodi i m de :

- 57 - hydrochl oride (10.5 g) in dichloronmethane (150 m ) was
stirred at 25[err]C for 1 hour, and 7.8% (ww) ammonia in acetonitrile
(40 m ) was added. The resulting m xture was stirred at 25[err]C for 1
hour, poured into 5% hydrochloric acid, and extracted wth

di chl oronet hane. The extracts were dried over anhydrous -sodium sulfate
and evapor at ed under reduced pressure. The residue was recrystallized
fromethyl acetate/n-hexane to_give the title conpound (18.5 g, 86.4% as
col orl ess &epdaleswagpdigpoiyefcip| ethyl Rretatie Bhmpixdwygon vwas
Preparation o di.astereoner of 2-(4-brono-2- ) :

{1 uor obens JRROES. ¥ BB BOEREe gt 198 20U byEARY & opy sodium suifate, and

(5 ast or coRVPER-RiE AP BPE: Efpirody Prosside. © A et Ut on of
2-(4-b =2 | }- ' : :
4 () - ot FSTCTTCarORg - 12 9 FSREL SRS ARG, $o sive the title

rhydr ous SrERPE PP e K A o B oRariae® 14 ). e
resulting gekuth®s, Wap 567lsxed for
(2) Repeating the above procedure,.usiﬁgiz-(4-

_ bromo-z-fluorobenzyl)—4—(-)-menthyloxycarbonyl-l,3-dioio-
1,2,3,4—tetrahydropyrrolo[I,Z—alpyrazine44—§qetic acid
(Diastereomer B) (23.7 g) in place of the pofresponding
Diastereomer A, gave the title comfound (Diastereomer B)

(22.2 g, 93.7%), mp 122-123°C (recrystallized from ethy;

acetate/n-hexane). .

Reference Example 21

Preparation of 4-carbamoylmethyl-2-(3,4-
dichlorobenzyl)-1,3~dioxo0-1,2,3,4~-tetrahydropyrrolofl,2-
alpyrazine-4-carboxylic acid benzyl ester:’

Thé procedure of Reference Example 17 was repeated
except that 4—benzyloxycarbonyl—2—(3,4—dichlorobenzyl)41,3-
dioxo-1,2,3,4—tetrahydr0pyrrolo[1,2—a]pyrazine—4-acetic acid
tert-butyl ester was used in place of 2-(4-bromo-2-
fluorobenzyl)-4—ethoxycarbonyl—l,3—di9xo-l,2;3,4—
tetrahydropyrrolo{l,2-a)pyrazine-4-acetic acid tert-butyl
estér. There was oObtained 4—benzyloiycarbonyl;2-(3,4—
dichlorobenzyl)-1,3-dioxo-1,2,3,4-tetrahydropyrrolof{1,2-

alpyrazine-4-acetic acid. The product was treated in



2 hours and concentrated under reduced pressure. The residue was dissol ved
i n“di chl oronethane (80 nml) and the solution was concentrated under reduced
pressure. To a solution of the residue in dichloronethane (100 m) was
added 7% (ww) ammonia in acetonitgile (50 m) under ice cooling. The
~resulting mxture was stirred at err]C for 30 mnutes and concentrated
under reduced pressure. The - 58-
resi due was dissolved in ethyl acetate. The solution was washed with
wat er, dried over anhydrous sodium sulfate, and evaporated under reduced
pressure. The residue was recrystallized fromethyl acetate/n-hexane to
give the title caonmpound (Di astereoner A) (26.7 g, 97.8% as colorless
crystals, np 207-209[err]C. (2) Repeating the above procedure,
usi ng 2- (4subd¥ A1y UHORUMWY Inarhdr )adT@RLRY i PE¥ C 84 bRAFErdnde di 0XO-
1, 2,3, 4-tetrahydropyrrol o[ 1-, 2-a] pyrazi ne-4-acetic acid (D astereoner B)’
(23.7 0) igkdipie 10f ey RSP UK I cdipdehd empeL3d-136%ce the title
conpound ( Di ast er eoner (22.2 g, 93.79%, np 122-123[err]C
(recryst al { ey Sua0mieiday If roac ity edereargh-hekehef ence Exanpl e 21
Preparation of 4-carbanoyl nethyl -2-(3, 4-
di chl or obavezfid enk;e3-Bkiampdel 22, 3, 4-t et r ahydropyrrol o[ 1, 2-
a] pyrazi ne-4-carboxylic acid benzyl ester:

Preparation of 2—(4—chloro—Z-trithoroacetyl-

pyrroi-1~yl)-2—ethoxycarbony1succinimide:

TOo a gtirred solution of 2-ethoxy¢arbonf1;é—(2—
trichloroacetylpyrrol-1-yl)succinimide (6.0 g) in
chléroform (50 ml) was added dropwise a solut?on of
§u1furyl chloride (4.8 g) in chloroform (5 ml) under ice
cooling. The resulting mixture was stirred under ice
cooling for 30 minu;es, ﬁoured into water, and extrachd
with chloroform. The extracts were dried over sodium
sulfate and concentraéed under reduced pressure. The
residue was chromatographed on silica gei using n-
hexane/ethyl acetate (2:1) as the eluent. Fractions
containing the title compound were pooled and evaporated

. under reduced pressure. The residue was recrysﬁallized
from eﬁhyl acetate/n-hexane to give the title compound (2.5
g, 41.7%) as colorless crystals, mp 182—185T>;

Refererice Example 23

Preparation of 2%(4—bromo-2jtrichloroa¢ety1pyrrol~'
'1-y1)-Z-ethdxfcarbqnylsuccinimide:
To a stirred solution of z;ethoxycarbonyl—z-(z-
trichloroacetylpyrrol-1-yl)succinimide (6.0 g) in

chloroform (30 ml) was added dropwise a solution of bromine



The-procedure of Reference Exanple 17 was repeated except that

4-benzyl oxycar bonyl - 2- (3, 4-di chl or obenzyl )-1, 3-

di oxo-1, 2, 3, 4-tetrahydropyrrol o[ 1, 2-a] pyrazi ne-4-acetic acid tert-butyl
esterwas used in place of 2-(4-brono-2-

f 1.uor obenzyl ) - 4- et hoxycar bonyl - 17 32®i oxo- 1, 2, 3, 4- o
tetrahydropyrrol o[ |, 2-a] pyrazi ne-4-acetic acid tert-butyl ester. There was
obt ai ned 4-benzyl oxycarbonyl - 2- (3, 4-

di chl orobenzyl ) -i, 3-di oxo-1, 2, 3, 4-tetrahydropyrrol o[ 1, 2-

al pyrazi ne-4-acetic acid. The product was treated in :

-59- substantially the sane manner as described in Reference

Exanple 19 to give the title conpound, np 134-136[err]C (recrystallized
from et hyl (acet aje/in nareformReler algeuhd@fPli &e 22001ing. The Preparation
of 2-(4-chloro-2-trichloroacetyl - :
pyrrol - 1-ylrjestldtimyx ydarthaey kagcstirfedeiunder ice coolPng £4 r3ed sol ution
of - 2- et hoxycar bonyl -2-(2- trichloroacetyl pyrrol-1-yl)succinimde (6.0 Q)
in chl or oidmmtEes0 Houreds iatidedgdeopwi sedbum M idd Oosdte Ssbfutiidn,chl ori de
(4.8 g) in chloroform (5 m) under ice cooling. The resulting m xture was
stirred un@®d jegdracted Hgthoehdorafommes, Thpoeedract® weterdrizadd oselrr act ed
with chloroform The extracts-were dried over sodium sulfate and

concent r at 893N Suldatiecandr eangertrated ynsisnreduced PXrRRSg-aphed on

silica gel sin% n-, hexane/ethyl acetate (2:1) as the eluent. Fractions
The residue was_chromatographed on silica gel using

thoroform/methano} (2000:1) as the eluent. fractiéns
containing the title compound Qere pooled and evaporated
under reduced pressure. The residue was recrystallized from
ethyl acetate/n-hexane to give the title ?oﬁéound (2.4 g,.
36.4%) as colorless crystals, mp 196-198C .

Reference Example 24

Preparation of 2-benzyloxycarbonylamino-2-
cyanoacetic acid ethyl ester:

To a stirred mixture of 2—amino;2-cyanoacetic acid
ethyl ester (19.7 g) and pyridine (12.2 g) in water (123
ml) was added portionwise benzyloxycarbonyl chloride (27.9
g) under ice cooling. The resulting ﬁixture was stirred
under ice cooling for 1 hour. Precipitated crystals were
collected, washed'thoroughly with water, and recrystallized
from ethaﬁol to give the title compound (24.2 g, 60.2%) as
colorless crystals; mp 111-112C .

Reference Example 25

Preparation of 2-benzyloxycarbonylamino-2-
cyanoéuccinic acid diethyl ester:

To a sodium ethoxide solution, which was prepared



»

containing the title conpound were pool ed and evaporated under reduced
préssure. The residue was recrystallized fromethyl acetate/n-hexane to
give the title conmpound (2.5 g, 41.7% as colorless crystals, np
182-185[err]C. Reference Exanple 23 Preparati on of

2- (4-brono-2-trichloroacetyl pyrrol®* 1-yl)-2-ethoxycarbonyl succi-ni m de:

To a stirred solution of 2-ethoxycarbonyl -2-(2- .
trichloroacetyl pyrrol-1-yl)succinimde (6.0 g) in chloroform (30 m) was
added dropwi se a sol ution of brom ne . - 60-
(6.9 g) in chloroform (18 m ) under ice cooling. The resulting m xture
was stirred under ice cooling for 30 m nutes, poured into aqueous sodi um
bi carbonate sol uti on, and extracted with chloroform The extracts were
dri ed overfromasbdinans Ul F.atie gndirdnadiinoat ¢doungey , r edrs cddPe&ssnlr €. The
resi due was chromat ographed on silica gel using chl or of ormi et hanol
(2000: 1) atsuthe2-daraytloxrcantbionna amit@lacgangatbeiti a¢dd cetipplind mere
pool ed and evapor at ed under reduced pressure. The residue was
recryst al |esiezr f(2dm0 got layld addiydt dromivaxaneteo(hbve g¢he tThe e conpound
(2.4 q, 36.49% as colorless crystals, np 196-198[err]C Ref er ence
Exanpl e 24resulting mixpugeawas crtigred- pen2§oxFenr borges ana 2-

cyanoacetic acid ethyl ester: - .
concentrated under reduced pressure. The residue was

.diluted with water and extracted with chloroform. The
extracts were washed with water, dried over anhydroﬁs'sodium
sulfate, and evaporated undér reduced pressure to give the
title compound (31.6 g, 99%) as a colorless o%l.

Reference Example 26

?reparation of 2—benzyloxycarbony1amino—z--
ethoxycarboﬁylsuccinimide:

A solution of 2-benzyloxycarbonylamino-2-
cyanosuccinic acid diethyl ester (15.4 g) in
dichloromethane (50 ml) was cooled to ice-bath temperature,
and then 30% hydrogen-peroxide.(21 ml), tetrabutylammonium
hydrogen sulfate (3.0 g) and 20% aqueous sodium hydroxide
solution (16.6 ml) were.added in turn. Thé resuiting
mixture was stifred under ice cooling for 30 minutes and
then at 25C for 1.hour; The organié'layer was separated,
‘washed with.water, dried over anhydrous sodium sulfate, and

' concentréted under reduced pressure. The residue was
heéted at 80C for 1.5 hours to give the title compound
(11.5 g, 81.2%), which was recrystalfized from ethyl

acetate/n-hexane to give the pure product, mp 105-1067T .



To a stirred n1xture of 2-am no- 2- cyanoacetlc acid ethyl ester (19.7 g)
ant pyridine (12.2 g) in water (123 m) -was added portionw se :

benzyl oxycar bonyl chl ori de (27.9 g) under ice cooling. The resultlng

m xture was stirred under ice cooling for 1 hour. Precipitated crystals
were collected, washed thoroughiydith water, and recrystalli.zed from
ethanol to give the title conpound (24.2 g, 60.2% as colorless crystals,
np 111-112[err]C Reference Exanple 25 Preparati on of

2- benzyl oxycar bonyl am no-2- - cyanosucci nic acid diethyl ester:

To a sodi um et hoxi de sol ution, which was prepared

- 61 - - fromsodium (2.11 g) and ethanol (400 ml), were added-in

turn 2-benzyl oxycar bonyl am no- 2- cyanoaceti.c acid ethyl ester (24.0 g) and
et hyl- br onpefeiaice Ekamplg) 27The resulting m xture was stirred at 25[err]C
for 3 hours and concentrated under reduced pressure. The residue was
diluted with water ®weépexttionhedfw2t-bmihberoéthisrycdrbongicnactiaimdee washed
with water, dried over anhydrous sodium sulfate, and evaporated under
reduced pressure toAgseduthen pift Rebenrpboxyicd 3oy lpmidd¥R-as a col orl ess
oil. Reference Exanple 26 Preparati on of

2- benzyl oxgfeeRysyrbaryhsuocingmpdry ¢ 4P bBny) simigatiicdacid (350 ml) .

was ﬁydrogenated over 10% palladium-carbon (6 g) at 25T .
After the calculated amount of hydrogen was absorbed, the
catalyst was filtered off and the filtrate was concéntrated
under reduced pressufe.- The residue was diluted with water,
adjusted to the pH of about 7 with saturated'aqueoﬁs sodiuﬁ
' bicarbonate solution, and extracted with qthyi acetate. The
extracts were dried over anhydrous sodium sulfate and
evaporated under reduced pressﬁre. The residue was
recrystallized from e£hanol to give the title compognd
(12.8 g, 37%) as colorless crystals, mp 107-108C .

Reference Example 28

Preparation of 2-ethokydafbony1-24(pyrrol-l—Yl)"
succinimide (the same compound as that of Reference Example
6):

To a solution of.z-amino—2aethoxycarbonyl—
succinimide (7.0 g) in acetic acid (35 ml) was added 2,5-
dimethoxytetrahjdrofuran (5.0 g). The resulting mixture
was refluxed for 50 minutes and concentrated under reduced
pressure. The residue was diluted with ethyl acetate,
.washed with aqueous sodium bicarbonate solﬁtion and then
with water, and,dried.o§er anhydrous sodium sulfate. After

removal of the solvent under reduced pressure, the residue



A sol ution of 2-benzyl oxycarbonyl am no-2- cyanosuccinic acid diethyl ester
(15.4 g) in dichloronethane (50 m) was cooled to ice-bath tenperature,
and then 30% hydrogen peroxide (21 m), tetrabutylamonium hydrogen
sulfate (3.0 g) and 20% aqueous_sadi um hydroxide solution (16.6 m) were
added in turn. The resulting mXture was stirred -under ice cooling for 30
m nutes and then at 25[err]C for 1 hour. The organic |ayer was separated,
washed with water, dried over anhydrous sodium sul fate, and. concentrated
under reduced pressure. The residue-was heated at -80[err]C for 1.5 hours
to give.the title conmpound (11.5 g, 81.2%, which was recrystallized from
ethyl acetate/n-hexane to give the pure product, np 105-106[err]C.

-62- ' Ref erence Exanpl e 27 . Preparation of -

2- am no- 2-eth I ininde;. . . A '
2- gcraanSI of;e?ésa?co %%%%8%8-?’5%? Qllét%’bxlyccaargﬁ&nwss‘ﬁ%c??\l?% eé./(a%r()r%l g) in acetic
act 9 (390 Jldeace'qd Ay 1R0EHA! EhaNE! WYrRibhadoeLainy iR 0) al o

25[err] C After the'c ulat ed anount 0 rogen was absorbed, the

catal yst yas fd 'cb%%ﬁnﬁf&e?@d?wfeé iéuﬁ[}%ﬁg%ét&@mf&t&hcewnder reduced

pressure. The residue was diTuted wt er, adjusted to the pH of

about 7 wigde skairier &begieeueae&f@rﬁ Wdmpodhaal bomag e o LUtdom and extract ed
with ethyl acetate. he extracts were dried over anhydrous sodi um

- sulfate arblorless oil.

Example 28
per 1,000 tablets

Enantiomer A of 2-(4-bromo-2-fluorobenzyl)-{1,2,3,4-tetra-

hydfopyrrolo[l,2-a]pyrazinéF4-spiro-3‘-pyrro;idine]-l,Z',3,5'—

tetrone (cqmpouna of Example 22) crrecccccroccrscccs 14
Corn starch ..'.......................'.'............... 25 g
Lactose +seesces cesesanase '....; ...... cseneas EEREEREREE ...539
Crystalline cellulose cscccresass .-....... ..... :......:. - 11 g
H.ydroxypropylcellulose. R R R R R R 3 g
Light aﬁhydrous silicic acid .- srevssresconnnne . l1g
Magnesium stearate s*etesrascsces sesereasscesassssnosacs .lg

j The above components are blended, granulated and
‘made into 1,000 tabiets each weighing 100 mg by a -
canventional method.
Example 28

fine granules

2-(4-Br0m0-2-fluor°benzy1)-[l,2,3,4-te;rahYdropyrrolo[l,2—
alpyrazine-4-spiro-3'-pyrrolidine]-1,2',3,5'~tetrone
(compound of Example 1 Or 21) secee- eeeneeeeanns e 10 g
corn starch. R TR R I 220.9



evapQrated under reduced pressure. The residue was recrystallized from
et hanol to give the title conpound (12.8 g, 37% as colorless crystals,

np 107-108[err] C Ref erence Exanpl e 28 - Preparation of

2- et hoxycar bonyl - 2- (pyrrol -1-yl)- succinimde (the same conpound as t hat
of Reference Exanple 6): - - 64 To a solution of

2- am no- 2- et hoxycar bonyl - succinimde (7.0 g) in acetic aci d (35 nl.) was

added 2, 5- dinethoxytetrahydrofuran (5.0 g). The resulting mxture was
refl uxed for 50 minutes and concentrated under reduced pressure. The
residue-was diluted with ethyl acetate, washed w th aqueous sodi um

bi carbonate solution and then wth water, and dried over anhydrous sodi um
sulfate. After renoval of the solvent under reduced pressure, the residue

- 63- a@gxyﬁfgg%i@gjmbggeon silica gel. .usi.ng.n-.hexane.ethylh, acetate
(2:1) as thée el uent ractions containing the title conmpound were p oled

and evapor g&ggtuaggydfgaycgg11@{@55g£@ to. gi.ve.the.ti t.I e. corrpound1()8 0 g,
90%9 as a colorless oil.- Exanple 2

per 1,000 tablets Erpatalpoes é’orﬁ’;ﬁonents are blended and made into

2-(4- brorm 2-fluorobenzyl)-[1,2,3,4-tetra-

hydr opyr r oEbhé, Qraﬂtpyesazbmea%mpwémtﬁonapyméﬂhdw nel-1,2',3,5 - tetrone
(corrpound of Exanple 22) ...... lg



Corn starch  ........ e o .1 . 25 g Lactose

T e ..... 58 Crystalllne cel lul ose
11 g Fydroxypropylcellulose e e e 3 g
Li ght anhydrous SI|ICIC acid ... .n ... . 65 — - - -.}.. -1-g Magnesium-
Stearate . ... ... 1 : The above

conponent s AFPRAHYOROBIRROLD (AR 24zt EYRAZMINE-4FEPERO-B t-@YRRC&QDINEa DERTVATERS)

~wei ghi ng 10PROGESSES oFORC THE @PREPARASIONTFHEREDF ANEX BHARMBCEDITCAL COMPOSITIONS

fine granulQEL_QEEEEﬁEE&@H@}fIuorobenzvl)-[l 2.3 4-tetrahvdropvrrolol1, 2-
a] pyrazi ne-4-spiro-3' -pyrrolidine]-1,2',3,5 -tetrone (conpound of Exanple-
1 or 21) ............ What.is.claimeﬁOig: Corn starch :
............... .............220 9 Lactose

. | ... A compound of thg3fogmula: : :

- 64 - Fwdroxypropylcellulose ............... IR [P 30 g

Li ght anhydrous silicic acid .... - 10 g . The
above conponents are bl ended andymade into fine qranules‘by a conventi onal

met hod. Cjﬁﬁ
O

=0
NH

0

whereln Rl and R? are 1ndependently hydrogen, halogen,. tri-
fluoromethyl, alkyl hav1ng "1 to 6 carbon atoms, alkoxy
having 1 to 6 carbon atoms, or nitro, and R3 is hydrogen,
halogen or alkyl having 1 to 6 carbon atoms,

or a pharmaceutically acceptable salt thereof. _

2. A coﬁpound according to claim 1, wherein R3 is
hydrogen'or halogen, or methyl at the 7-position, or a
pharmaceutically acceptable salt thereof.

3. A compound ‘according to ctlaim 2, wherein R and
R? are independently hydrogen or halogen, or a pharmaceutic-
ally acceptable salt thereof.

4. A compound according to claim 2, wherein Rl is
alkyl having 1 to 3 carbon atoms or alkoxy having 1 to 3
carbon atoms, and R? is hydrogen, or a pharmaceutically
eccepteble'salt ;hereof. .

S. A compound according to claim 1, wherein R is _

hydrogen or halogen, R? is halogen and R3 is_ hydrogen.

-

AR



TETRAHYDRCPYRRCLCXl, 2-a) PYRAZI NE-4- SPI RO- 3' - PYRROLI DI NE DERI VATI VES,
PRGCESSES FOR THE PREPARATI ON THEREOF AND PHARNMACETI CAL COMPOSI TI.ONS

CONTAI NI NG THE SAME. . What is clainmed is: 1. A conpound
of the fornul a: : - - 66 —lerr] ~ . wherein Rerr]
and Rlerr] are independently hydrogen, halogen, tri- fluoronethyl, alkyl

having | to 6 carbon atons, al koxy having 1 to 6 carbon atons, or nitro,
and R3 is hydrogen, Hhalogen or. alkyl having 1 to 6 carbon atons, or a
pharmaceutically acceptabl e. salt. thereof. .’ 2. A conpound according
to claim1, wherein Rerr] is hydrogen or hal ogen, or nethyl at the
7-position, or a phafmadewrdnpound acagndilnge toatlaimebeoghich is in 3. A
conpound according to claim2, wherein Rerr] and err] are independently
hydrogen or Haeofern- of engRiFhicanec-havingy mgcecpetenrt akdese her eof .

4. A conpound according tQ claim2,. wherein R%err] LS | kyl having 1 to 3 °
carbon at ons? 8PUGFASS\F MHRIFPTY aFtl vty romPar8dsWiERdthe PtheT s hydrogen
or a pharnaceutigallg acceptabl e salt thereof. 5. A conpound
accordi ng t o®RFArHPM T wherein Rlerr] is hydrogen or halogen, Rerr] is

hal ogen a_nd Rerr] |s7.hyd}{ O&%‘pound according to claim 5, which is in

the form of racemic compound.
8. A compound which is represented by the

following formula:

Br

9. Tﬁe compound according to claim 8, which is in
the form of an enantiomer.having the following specific
rotation: [d]g7'5 = +1.96° (¢c=1.02, ethyl acetate)-;.[u]lz)8 =
-7.6° (9=1.02, methanol); and [a]zgs = -33.0° (c=1.,02,
methanol). |

10. A compound according to claim 8, which is 2-
(4—br6mo—2—fluorobenzyl)-[1,2,3,4-tetrahydropyrrolo[l,2—a]—
pyrazine-4—spiro—3'—pYrrolidine]—l,Z',3;5'-te£rone.

11. A compound according to élaim's, which is

selected from the group consisting of

2-(3,4-dichlorobenzyl)-{1,2,3,4—tetrahydropyrrolo-

AR



- s

- 66- 6. A conpound according to'claim5, which is in the
form of one enanti oner havi ng nore potent al dose reductase inhibitory
activity conpared with the other enanti oner. - 7. A conpound
according to claim5, which is in "the forngpf racem ¢ conpound.

8. A conpound which is represented by the follow ng fornula:

0 [err] : : 9. The conpound
according to claim8, which is in the formof an enantionmer having the
following specific rotation: [err]27 5 = +1.96[err] (c=1.02, ethyl
acetate); [[er

D-7.6[err] (cii 62313¥E%%h6$74 %ka?e#erXRQQFPdlneJBQ §[e$r§ T%ﬁ?qﬂ?er
th | 10 _A di t | 2-
e Bt 511 uor obenzy! } (e Rmelen Py g oo 1a Y%fopyrrol'osll 2-

Compound ;‘ciﬁ'ﬁa‘fﬁér?m 'd'“e%m-’fl" rdolidBEINTe e et el o A0 st ng
?27 -2 (3.4 d'Cﬂlfﬁ‘%ﬁig?ngif&&%£%5%n5§&5§F¥9§9§Y£rf%é&ahydrof
pyrrolo{l,2-alpyrazine-4-spiro-3'-pyrrolidinel-1,2',3,5'-
tetrone, ' '
and its enantiomer having more potent aldose ‘reductase
inhibitory activity bompared with the other enantiomer.

12. A process for preparing a compound of the

formula:

o
1
3 . )?'R .
R\,\(”\N-/CHT—C\/“
\ T W
N - g2 .

0

: NH
o

wherein R', R? and R3 are as defined in claim 1, -or a
pharmaceutically acceptable salt thereof, which comprises

(a) reacting a compound of the formula:

R cCOCX
ST
. o .

—NH

0 .

wherein R3 is as defined in claim 1, RY is a carboxy-

(AT



e e e "

[1, 2-a] pyrazine-4-spiro-3' -pyrrolidine]-1,2",3,5 -tetrone,

2- ¢ 4- bronobenzyl )-[ 1, 2, 3, 4-tetrahydropyrrol o[ 1, 2-

a] pyr azi ne-4-spiro-3' -pyrrolidine]-1,2",3,5 -tetrone, and

2- (4-chl oro-2-fluorobenzyl)-[1, 2,3, 4-tetrapydro- : :

pyrrol o[ 1, 2-a] pyrazi ne-4-spiro-3'-pyrrolidine]-1,2',3,5 - tetrone, and

I ts enantionmer having nore potent al dose reductase _inhibitory activity
conpared with the other enantioner. 12. A process for preparing a
conmpound of the formula: : : [err] wherein
Rlerr], Rerr] and Rlerr] are as defined in.claim1, or ‘a pharmaceutically
accept abl e salgrdtetdaiy, gubiuph andpKi $sshalogen, witha)l meapoing efcthpound
of the fornul a: [err] . Wwherein R3is as defined in
claiml, R4 isferma@soxy- - 68 -

— / X

wherein Rl and R2 are as defined in claim 1, or

(b) cyclizing a compound of the formula:

0] T — R1
' )¢
B 5 Lo (1v)
COOR41 |
CONH,

wherein‘Rl,‘R2 and R3.are as defiﬁed in claim 1, and r41 is
a carboxy~-protecting group or an alkyl residue of an
optically active alcohol, provided that when R4 is an alkyl
residue of an optiéallj active alcohol, the configuration of
the carbon atom at 4-position of tetrghydropyrrolo[l,2-a]-
pyrazine ring is S or R, in the presence of a basic
substance, |

and when a compound of the formula (I) whergin R3 is
hydrogen is obtained, optionally ﬁalogehating the product,
o?tionally followed by converting the product into the

desired pharmaceutically acceptable salt thereof.

13. A pharmaceutical composition comprising a

I



.

protecting group, and X is halogen, wth a conpound of the fornﬂla:

[ errd wherein Rlerr] and Rlerr] are as defined in claim1, or
(by Tyclizing a conpound of the fornmula:
[errl wherein R err], Rerr] and Rerr] are as defined in claim1,

and Rlerr] is a,carboxy-protecting group @3 an al kyl residue of an
optically active al cohol, provided that when Rerr] is an alkyl residue of
an optically active al cohol, the configuration of the carbon atom at
4-position of tetrahydropyrrolo[l,2-a]- pyrazineringis Sor R in the
presence of ‘a basic substance, and when a conpound of the formula (1)

wher ei bt d t t t h
roduct. opt 1 simeedRAEECRek roPLE IEanh Brien 88, platils PriE 4t &si e
ggﬁ; maceut | Cglolg.a%ssahebégﬁyl Leldfie sa1t thereéé ahd @agﬂ%gﬁgém_c-_
ally -acceptable carrier or diluent.
14. A pharmaceutical comppsiﬁion comprising a

compound as set forth in any one of claims 5 to 11 and a

pharmaceutically acceptable carrier or diluent.

S

-



compound as .set forth in any one of clains 1 to 4, or a pharmaceutically
acceptabl e salt thereof and a pharnaceutic- ally acceptable carrier or
di | uént. 14. A pharmaceutical conposition conprising % conpound
as set forth in any one of claims 5 to 11 %nd_a phar maceuti cally :
acceptable carrier or diluent.

TETRAHYDROPYRROLO(1,2-a) PYRAZINE-4-SPIRO-3'PYRROLIDINE DERIVATIVES,

PROCESSES FOR THE PREPARATION THEREOF AND PHARMACEUTICAL COMPOSITIONS
CONTAINING THE SAME

Abstract of the Disclosure:

' Té;rahydropyrrolo[l,2—a]pyrazine—4fspi:o-3‘-

pyrrolidine derivatives of the formula:

| 9 . pu 1
R3\ %("\ N/CHZQ i
&/- N R2

0
NH

whérein_R; and R2 are.ipdependenﬁly.hydrogen, halégen,-trif
fiuoromeghyl, alkyl ha&iﬁg 1 to 6 carbon atoms, alkoxy
hav;ng 1l to 6 éarbon atoms} or nitro, and R3_is hydfogen,
ﬁalogen d£ dlkyl having 1 to 6 carbon atoms; and pharma-
ceutically acceptable salts theréof,.procéSSes for
preparation thereof, and pharmaceutical composiﬁion
containing the same. Said compounds and their salts show
excellent aldose reductase inhibitory activity and are
useful for the prevention and-trééthent of diabetic

complications.
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